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CHAPTER ONE 


INTRODUCTION 


Flexible pavement recycling can be broken down into the 
major categories of surface, cold-mix, and hot-mix recycling. 
This report will only deel with asphalt hot-mix recycling. 
The main factors which go into determining the selection; 
Seoctame Guenlity  ceentrol, construction, and economics of the 
asphalt hot-mix process will be presented. 

Asphalt hot-mix recycling as used in this report has 
been defined by The Asphalt Institute as: 

A process in which reclaimed asphalt pavement (RAP) 
materials, reclaimed aggregate materials, or both, are 
combined with new asphalt, and/or recycling agentss and/or 
new aggregate, as necessary, ina central plant to produce 
hot-mix paving mixtures. The finished product meets all 
standard material specifications and GOnmstructiom 
requirements for the type of mixture being produced. } 

Although the idea of hot-mix recycling 1S not new, it 
Pocremene Citi embargo of 1973 to dramatically point out thet 
there was not an unlimited supply of inexpensive asphalt 
materials. Additionally, the availability of high quality 
aggregate was becoming limited in many areas. This limited 
availability as well as rapidly increasing fuel prices for 


excavation, crushing, and hauling, was driving up the cost of 


aggregate. These factors combined to form the catalyst 


1. Tre Asphalt Institute, Asphelt Hot-Mir Recycling 
(MS-20)., @Ond ed. (The Asphalt Institute, College Park, Md, 


1986) 5 Pp. lL. 





meeded tO spur the development of standardized asphalt hot- 
mix recycling procedures. 

As could be expected, the initial use of recycled 
materials was on a small scale; since the technology and 
construction equipment for recycling pavements had not been 
sufficiently developed. By the early 1980’s, much work had 
been done in the area to develop the technology and 
construction equipment to the point that asphalt hot-mix 
recycling was becoming an established and accepted procedure. 

Asphalt hot-mix recycling must be looked upon as one of 
many choices in the overall maintenance/rehabilitation of a 
flexible pavement. For this reason, the advantages and 
disadvantages of easphalt Rot-mix recycling must be kept in 
mind by the engineer making the choice ant 
maintenance/rehabilitation methods. Chapter two will present 
the major factors which the engineer will need ta keep in 
mind when making this decision. 

Chapter three will then outline the requirements for the 
evaluation of the materials being considered for use in the 
Secyemmmag project. The first major sconsideration in this 
evaluation process is the method for choosing representative 
samples of the materials. Past construction records must be 
reviewed for material composition, layer thicknesses, widths, 
and lengths, and number of lanes. With this information, the 
Proposed project site should be divided into sections for 


sampling purposes. One of the most effective sampling 





methods devised is random sampling based on a table of random 
numbers. The properties of these samples must then be tested 
Pm tne “laboratory. It should be expected that in general, 
asphalt pavements which are candidates for recycling, can 
have &@ comparatively high level of variability. 

Chapter four will then present the mix design procedure 
as advocated by The Asphalt Institute. THiS mix design 
procedure uses either the Marshall or the Hveem method. This 
chapter will then present an outline of how both the Florids 
Department of Transeportetion ‘(FDOT ) and the Wisconsin 
Department of Transportation (WisDOT) are currently handling 
asphalt hot-mix recycling design. 

In chapter five, a view of an actual FDOT hot-mi-» 
recycling project will be presented. This will include 
looking at the initial Composition of Existing Pavement, 
tar bial job-mix formula, quality GOmtGpO: Grirtericse Sana 
foe lowing ithe various changes in the job-mix formule 
mipeuagmoaut the pro ject. 

Chapter six will present an overview of the construction 
equipment considerations in the asphalt hot-mix recycling 
process. This will include the reclaiming,s plants and 
placing processes. 

The economic factors which must be considered in the 
aSspnalt Rot—mi x recycling process will be presented in 
chapter seven. Cost 1S a major consideration in the use of 


the hot-mix recycling process. The main emphasis of this 





material will be the comparison of the economics of the hot- 
mix recycling process to the conventional asphalt overlay. 
Chapter eight will then provide a conclusion for the 
material presented in the body of the report. re - hoped 
that this report will be a valuable guideline for the 
engineer in learning about the important factors affecting 
the asphalt hot-mix recycling process. Hot-Mix Geecvel ine 
should be approached from the point of view that the finel 
product will be equal to or better than the original mix 


design and that all current mix specifications are met. 





CHAPTER TWO 


THE ASPHALT HOT-MIX RECYCLING ALTERNATIVE 


INTRODUCTION 
While this report 1S concentrating on asphalt hot-mix 


recycling, in reality it should be looked upon as only one of 


a number of methods of rehabilitating distressed asphalt 
pavements. The main options to be considered are: 
je a Cen 


2. Patch and thin overlay 

Seeeaaccem and thick overlay 

4. Reconstruct with all new materials 

Ss Surface recycle 

See colaG—-mix recycle 

ee Hot-mix recycle 

The first step the engineer should take is to determine 
the probable cause of pavement distress. In this process: 


the Griginal pavement design and construction records should 


be reviewed. Then field tests, including deflection and 
visual inspection should be performed. Laboratory tests of 
pavement samples should be included. All of this information 


should then be analyzed along with giving consideration to 
expected performance, environmental influences, projected 
teat ric volume and weights, pavement geometrics, and 


economics, to decide the appropriate rehabilitation method. 





This chepter will deal with the advantages = and 
disadvantages involved in the asphalt hot-mix recycling 
process. These items should be kept in mind by the engineer 


PeeeeeiaimnGg if Mot—-mix recycling “should be chosen or not. 


ADVANTAGES 
The following is a list of some of the major advantages 
Sano csmix recyeling: 
ire Significant structural improvements can be made. 
ee. All types and degrees of pavement distress can be 
treated. 
3. Reflection cracking can be eliminated. 
4. GeometricsS can be maintained or improved. 
3. Ride quality can be improved. 


Or. Skid resistance can be improved. 


ae Aggregate is conserved. 
ais Asphalt cement is conserved. 
9. Energy consumption is reduced. 


oa Construction costs are lower than for overlays 
uSing all new materials. 

If the pavement has deteriorated to the point where it 
hes inadequate structural capacity; mGt-mMix recyeling can 
restore the Poste structural “Capacity. Also, if the current 
or projected traffic data show that the structural capacity 
of the pavement must be increased, then hot-mix recycling may 


be a viable alternative. The pavement would have hed to show 





Signs of distress, otherwise an overlay would be a more 
moved: Ghoice though. 

Since hot-mix recycling involves removing the existing 
asphaltic concrete materials and designing a new mix; all 
types and degrees of pavement distress can be remedied. For 
instance cracks will be removed. If stripping had been a 
problems anti stripping agent can be added to the recycled 
Tl. If problems were the result of an inadequate base; then 
the bituminous materials would have to removed anyway to 


correct this situation, and recycling should be considered. 


metleetive cracking can be a large problem with 
overlays. Hot-mix recycling will eliminate the crack rather 
than just covering it over. This will effectively eliminate 


reflective cracking. 
Geometric considerations in hot-mix recycling can be 
very considerable. Vertical clearances can be maintained and 


this becomes critical in areas such as with overpasses. CuGe 


and gutter lines can be maintained. The need to raise 
manholes in urban areas can be reduced as well. BiOle s(n 
recycling also eliminates the need to adjust shoulder 


elevations unless the total pavement thickness 1S) much 
Greater than the original pavement. 

Pepe come. IMmaleaetion ot pavement distress can be 
seen in the degradation of ride quality. ove x mecye lina 
will restore the ride quality through elimination of ruts; 


cracks, etc.,s, which degrade the ride quality. 





Skid resistance can be restored to a pavement during 
Hoan. Cecyeling. Additional aggregate with improved skid 
resistance qualities can be added to the recycled mix. Even 
without adding significant quantities of new saueeace a the 
skid resistance could be improved through reorientation of 
the aggregate within the mi». 

The hot-mix recycling will also conserve aggregate. 
There are many locations where high quality aggregate is 
becoming increasingly scarce. Re-utilizing the aggregate 
already in place makes good environmental as well as economic 
sense. 

Asphalt cement will be conserved as well. As o11 prices 
remain high, the cost of asphalt cement will remain high as 
well. As with the eggregate, recycling the asphalt cement 
makes good environmental as well as economic sense. 

The hot-mix recycling process also helps to conserve 
energy. The amount of energy conserved will depend on many 
factors. Factors such as project location, amount of RAP in 
the mix; plant type and configuration; etc.; all play a part. 
These factors will be discussed in more detail in chapter 
seven. 

The bottom line that makes hot-mix recycling so 
attractive is tne fact that the costs are less than for 
overlays using all new materials. The ability to conserve 
aggregate, asphalt cement; and energy; all combine to reduce 


Mem cous, » COSt . The additional costs of milling or Breaking 





up and handling the RAP do not negate all of the potential 
Savings involved. Chapter seven will discuss the economics 


of Hot-mix recycling in greater detail. 


DISADVANTAGES 
The following items can be looked upon as disadvantages 
or really more accurately as obstacles to the thot-mix 


recycling process: 


ee Improved quality control is required from start to 
femieshl . 

cae There are potential air pollution problems at the 
pliant. 

33 It can be difficult to keep excess moisture out of 
the RAP. 

a. There may be a lack of qualified contractors in the 
area. 

Quality control in the hot-mix recycling process 15S more 
involved than in conventional paving. reac es which are 


candidates for recycling can normally be expected to exhibit 
@ lot af variability in materials. The material properties 
will show this variability for numerous reasons. Some of 
these are from previoscusS maintenance which would include 
Pamemess Seal coats; joint sealers etc., the project area may 
include the work of several original contracts to construct 
the road, oil droppings from cars and trucks will be on the 


road, and areas which exhibit bad cracking will normally have 





higher asphalt cement viscosities. With these problems, 
quality control measures have to be taken seriously. Chapter 
three will discuss methods of sampling the existing materials 
to help cope with this expected variability in material 


properties. 


An environmental consideration which comes into play in 


this process is air pollution at the plant. The main problem 
associated with recycled mixes is the OPaeitca .o0 meine 
emissions from the plant. This 168 mostly controlled by the 


design of the plant and the quantity of RAP used in the mix. 
This will be discussed further in chapter six. 

It is fairly easy for moisture to get into the RAP 
material if it 1s not protected. When excess moisture does 
get into the RAP, it can lead to problems at the time of 
mixing. A longer time in the plant will be required to drive 
off the excess moisture and this can cause a large drop in 
productivity. This moisture will also cause the opacity to 
increase. 

If hot-mix recycling 15 new to an area, there may be a 
problem due to the lack of experienced contractors. This, 
also means a possible lack of proper equipment. The 
popularity of hot-mix recycling 15S such that this problem is 
disappearing in most parts of the country though. If it does 
appear to be a problem in a particular areas projects must be 
sufficiently large to either attract an outside contractor or 


to enable a local contractor to justify the purchase of the 


10 





equipment. Future Met—-mix recyeling projects must then be 
developed and this information passed on to the contractors 


Meainaer tO Malntain their interest. 


CONCLUSION 

Hot~-mix recycling is ane of many alternatives for the 
rehabilitation of a pavement. It 15 one that does have many 
Significant advantages and few disadvantages. When choosing 
the appropriate alternatives the engineer must have some 
Temimereanm lieve With jj all of his options. This chapter has 
highlighted the key advantsges and disadvantages in the hot- 
mix recycling process. There are many sources of information 
concerning the other alternatives. The Asphalt Institute is 
an excellent source of this information. 

The advantages of hoat-mix recycling Rave lead ta sa 
tremendous increase in the acceptance and use oaf this 
alternative. WRile it is clearly not the appropriate choice 
of alternatives in all Situationss there area significant 
number of projects which could benefit from it. Dies moped 
Reaied G the information presented in this and subsequent 
chapters will help the oeoneeee to understand more about this 


key alternative and allow him to choose it appropriately. 


i 





CHAPTER THREE 


EVALUATION OF MATERIALS 


INTRODUCTION 

It should be expected that in general, asphalt pavements 
which are candidates for recycling, can have a comparatively 
high level of variability. With this in mind, the methods 
chosen for obtaining representative samples of the existing 
materials, become very important. This chapter will present 
a random sampling method which has proven effective on actual 
hot-mix recycling projects. 

Once representative samples of the reclaimed asphalt 
pavement (RAP) have been obtained, the composition must be 
determined. This should include: 

Le Aggregate gradation 

aie Asphalt content 

S. Asphalt viscosity at 60 deg C (140 deg F) 
and/or asphalt penetration at es deg C (77 deg F) 

It should be noted that the crushing or milling of the 
RAP will alter the gradation of the aggregate (increase the 
percentage of fines). Therefore, samples tested should be 
representative of the cold feed stock piles at the plant 
Site. Some states including Florida, have developed a2 table 
of factors to convert the gradation of the existing pavement 
to the gradation which will exist after milling. This table 


will be presented, but would only be valid for the normal 


re 





eggregete used in Florida. It still only provides an 
approximation though. 

Samples of the possible new asphalt and/or recycling 
agents and new aggregate should be at hand. RASEe ene ee 
along with the data obtained from the existing materials will 


form the basis for the mix design. 


RANDOM SAMPLING PROCEDURES 

Since variability is to be expected in the recycling 
project, one of the most effective sampling procedures is 
Known as random sampling. For a hot-mix recycling project; 
four types of sampling plans are possible. These are for 
sampling in-place pavements, milled or processed RAP fram 
trucks, stockpiles of RAP USING power equipment, and 
stockpiles of RAP without using power equipment. The 
procedures outlined below for each of these plans, are based 
on the plans developed, tested, and presented in The Asphalt 


Institute Research Report No. 84-e. 


PLAN FOR SAMPLING PAVEMENTS IN PLACE 
ae Investigate construction and maintenance records and 
determine as nearly as possible the composition of the 
Pavement along the roadway to be recycled. Seperate the 
pavement imte SO0M=cUG clam units that have similar 


Gomoosi tion. 


1S 





es If the construction unit is two lanes wide, divide 
esem Construction unit into isix to eight sections of equal 
length. Randomly select ane sampling location in each lane 
of each section. 

or If the construction unit is only one lane wide; 
Givide the length into 12 to 16 subsections of equal length 


and select one random sampling location in each section. 


4%. Obtain one sample of pavement at each sampling 
Pocation of sufficient size, at least 15 pounds; ii 
extraction and recovery testing. There should be tle ta 16 
samples or more to be tested individually for each 


Sometruction unit. 


BeotheEoR SAMPLING MILLED OR PROCESSED RAP FROM TRUCKS 

oe Investigate construction and maintenance records and 
determine as closely as possible the composition of the 
pavement along the roadway to be recycled. Separate the 
pavement into Goons truc tien units that have similar 
GoqnmoSit1ion. 

ay Divide the production into 12 to 16 (one or two day?) 
time periods. Randomly select two trucks from each time 
period for sampling. If a production day is less than half oa 
work days include with next half or full day. 

aie Obtain one sample of RAP from each truck of 
sufficient size, at least iS pounds;s for an extraction and 


recovery test and for possible use in mix design. There 
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should be a total of 12 to 16 or more samples to be tested 


peamdavicuaily for each construction unit. 


Peewee SeiPE ING STOCKPILES GF RAP USING POWER EQUIPMENT 
is Investigate records of the owner of an existing 
Sevocroatliec to obtain information about the source and 
composition of the material in the stockpile. 

ane If the stockpile consists of unprocessed slabs; or 
has been sitting for a long time, it may be necessary to 
process the material before sampling. 

ce If the material appears to be uniform in composition 
and from one source, proceed to step 6. 

4, If the material is from different sources, if 
sources cannot be identified; or if the material appears to 
be of different composition: 

A. Thoroughly mix or reprocess the stockpile into 
Sew metrorm 1ots, or 

B: Separate the stockpile into uniform-appearing 
lots and treat as separate stockpiles. 

5S. Since appearance alone cannot guarantee uniformitys 
the stockpile should be sampled in such a way as to enable 
non-uniformity to be detected. 

ele Using a rectangular grid-pattern, divide the 
stockpile into blocks of approximately ©2,000 tons each. The 
blocks and grid pattern need not be square or rectangular 


shapes, but blocks should cover approximately the same ares 


1S 





Smeguemclity of material. Cantina Otele GO Lomo loces, Simould 
be selected. 

7. Number the blocks in a regular manner. 

are select X —- Y coordinates for the sampling point al 
each block using a random number procedure. This may be done 
by selecting two random numbers from 0.1 to Peo + amo 
multiplying them times the length of the X and Y sides of the 
blocks to locate the coordinates in feet. Use the same 
Beata ve OblGim im each block. 

a If peaks or valleys occur in the stockpile to such 
an extent that the normal sampling plan is not effective, 
then either rework the stockpile or modify the sampling plan. 
In some cases; the stockpile may be subdivided into smaller 
Oe Sie In others, substitute random samples from a higher 
level for samples that would be located where there is 2 
velley. 

LO. Using a ee ee loader ; obtain approximately 1 
ton of material Baa each randomly selected location in the 
section at the upper third level and one similar sample from 
the lower third level of the stockpile. Record the location 
of each sample. 

ete Using the method of quartering or a large sample 
splitters; reduce each one ton sample to a sample of 
sufficient size, at least 15 pounds, for extraction and 


recovery testing and for possible use in mix design. 
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PLAN FOR SAMPLING STOCKPILES OF RAP WITHOUT POWER EQUIPMENT 

1. through 8. - Same as for with power equipment 
available. 

ois By hand, remove one to three feet of material from 
the top of the pile at each sample location and carefully 
remove a 15 to @&5S pound sample. Record block and location 
Mem the block. 

or If the stockpile is two leyers in height it may te 
impossible to sample the interior of the bottom layer of the 
etoerpi1le. Therefore, the bottom layer should be sampled 
from the side, using only the outer blocks. Use a new set of 
coordinates and locate the samples along the Y axis (xX 
coordinate = 90), at about midheight. Cut avertical face 
about two feet into the stockpile face and remove a 15 to e5 
pound sample. Record blocks layer number and location within 


the block. 


SELECTING SAMPLING LOCATIONS 
The preceding sampling procedures require the selection 
Saemese sual sampling location to Be random. {here are many 
ways in which this could be done. The following method was 
the one used in The Asphalt Institute Research Report No. 84- 


euetor etme Mot—-mix recycling projects it studied. 
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SAMPLING FROM THE ROADWAY 
ioe Designate sections or blocks as specified in the 
sampling procedure being used. 
e. Determine the number of sampling locations within a 


section as specified in the sampling procedure being used. 


So [elect a column of random numbers in Table 1 by 
Placing eS pieces of cardboerd 1 inch square; numbered i 
through 2&8, into a container; shaking them so that they 


become thoroughly mixed and drawing one out. 

4G. Go to the column of random numbers identified by the 
number drawn from the container. In subcolumn A, locate all 
numbers equal vom OF less than the number of sampling 
locations per section desired. 

= multiply the ® total length of the section by the 
decimal values in subcolumn B; found opposite the numbers 
located in subcolumn A. Add the result to the station number 
Seecme beginning of the section to obtain the station of the 
sampling location. 

or Multiply the total width of the lane (or lanes) in 
the section by the decimal values fae Bp UbecoOlumm ) &s found 
onesie the numbers loceted in subcolumn A. These are the 
offset distances from the pavement centerline at which the 
samples are to be taken. 


fas Repeat the procedure for each section. 
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TABLE 1 - RANDOM NUMBERS FOR GENERAL SAMPLING PROCEDURES 


(FROM THE ASPHALT INSTITUTE RR-84-2) 
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TABLE 1 (CONT.) -— RANDOM NUMBERS FOR GENERAL SAMPLING 
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SAMPLING FROM 4 STOCKPILE 

ee Designate sections or blocks as specified in the 
sampling procedure being used. Designate X - Y coordinates 
as described in the sampling procedure. 

mae Select a column of random numbers in Table 1 by 
Placing eS pieces of cardboard 1 inch square, numbered 1 
mae ouah cS, into a container, shaking them so that they are 
well mixed and drawing one out. 

3. Go to the column of random numbers identified with 
the number drawn from the container. In subcolumn A, locate 
all numbers equal to or less than the number of sampling 
locations fi Gach Serock or SeEtion. The corresponding 
numbers in subcolumns B and C may be used to locate the X - Y 
coordinates for one block or section. 

Oo. Mele iply tine total length of the block or section in 
the X direction by the decimal values in subcolumn B: found 
opposite the number located im @subcelumnm |) As, to find thie 
iemecmecthecoordinate X. Multiply the width of the otlock or 
section in the Y direction by the corresponding decimal value 
Peomesunecelumn Gs to find the length of coordinate Y. 


mr Repeat the procedure for each block or section. 
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FLORIDA DOT AND WISCONSIN DOT SAMPLING PROCEDURES 

The Florida Department of Transportation (FDOT) utilizes 
the fFfOllowing general sampling procedures for characterizing 
the existing materials: 

as Review the existing construction records and/or 
prior sampling records for the proposed project area to 
identify changes in the existing materials. 

e. Review the variation in degree or class of cracking 
throughout the project area. Identify areas of high cracking 
which may have asphalt viscosities which may greatly exceed 
those in other sections of the roadway. 

ae Take a minimum of three 6 inch cores per lane mile. 
Consideration should be given for the factors found in steps 
one and two in choosing the locations in order to arrive at a 
representative cross-section Of the Swogec tv. This 
preliminary information is used for bidding purposes on the 
project as the Composition of Existing Pavement. 

“4, PeoatmMe GOmtractoOr mplans on using mitbtbing on the 
Project, he must use the following procedures for obtaining 
representative samples for his mix design: 

Panic COnMtEoactor Mast GUL lO °Six—-inen cores in 
locations which are to be designated by the Bureau of 
Materials and Research. 

B. As an alternative, he may mill the pavement to 


the full depth shown on the plans for pavement removal for a 


ee 








length of approximately 200 feet. Samples of this milled 
material are then used for the mix design. 

Ce Any variations to the above two methods must 
Pemueguested in writing to the State Materials and = ae 


Engineer. 


=e When the- contractor is using RAP stockpiled from a 
previous FDOT project and the Composition Of SEs 1stine 
Pavement iS knowns the contractor can use the existing 


information on the RAP to design the mix. 

Ss When the contractor wants to use stockpiled RAP 
where the composition is not known; he must use the following 
Procedures: 

A. The contractor must submit a bag of RAP; made 
up of material sampled from several locations within the 
stockpile, to the Bureau of Materials and Research at least 
four weeks prior to the start of his mix design. The 
Department will run viscosities on the asphalt recovered from 
the RAP and provide this information to the contractor. 

Bb . The contractor must run at least six gradation 
analyses of the RAP. The samples of RAP are to be taken from 


random locations from the stockpile. 


a The contractor must then request the District 
Bituminous Engineer to make ae visual inspecticn of the 
stockpile. Based on the visual inspection, the District 


Bituminous Engineer will determine the suitability of the 


stockpile. 
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ie. When the contractor submits his proposed mi-~ 
design for approval, he must include the results of the 
extraction gradation analyses required above. 

The Wisconsin Department of Transportation (WisDOT) uses 
the following general procedures for obtaining representative 
samples of the existing pavement materials: 

is For preliminary testing of the materials prior to 
preparing the project plans and specifications, WisDOT 
requires: 

A. Samples should represent pavement edges: lane 
centerline, and wheel paths. 

B. Samples must be taken from enough points along 
the length of the roadway so that a composite sample will be 
reasonably representative of the total cross-section of the 
material to be recycled. 

xs Sampling can be by eight inch cores or 
equivalent sized pieces obtained by chisel or sawing. 

©. For final mix design, WisDOT requires that the 
samples be taken from the milled or processed RAF. No 
specific sampling methods are mentioned for obtaining the 
samples, however the importance of obtaining representative 


samples for testing 1s emphasized. 
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SAMPLE TESTING 

Once representative samples have been obtained; the 

composition is normally determined through tests for: 

Ee Aggregate Gradation 

B. Asphalt Content 

C. Asphalt Viscosity at 60 deg C (140 deg F) 
and/or Asphalt Penetration at 25 deg C (77 deg F) 

Aggregate gradation is obtained by running a4 sieve 
analysis on the recovered aggregate portion of the RAP. The 
standard tests are ASTM Citi? and C 136 (AASHTO T ii and T 
27). The final mix design should be based on the properties 
which the RAP will have at the cold feed stockpile of the 
Plant. The reason for this is that the milling or crushing 
operations will alter the aggregate gradation by increasing 
the percentage of fines. 

Samples which have been taken through cores in the 
existing pavement will not have this final aggregate 
QGradation. Some states, including Florida; have developed 4 
table which will provide an estimate for the gradation of the 
RAP after milling. Table 2 provides these factors for the 


State of Floride. 
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TABLE 2 - ADJUSTMENT FACTORS FOR GRADATION AFTER MILLING 


a a a I i DA ero 


(FROM FDOT ASPHALT PLANT TECHNICIAN CERTIFICATION STUDY GUIDE) 


Sieve Size Coarse Intermediatex** Fine*«** 
3/4" 1.00 1.00 1.00 
Pe. OS if Oe 1200 
3/3" tL. oS Pos 1.60 
#4 i © iOS io 
#10 ye. ieee i206 
#40 eee / Laie ioe 
#80 P49 wae. Looe 
#200 1.84 1.42 fae! 

* Coarse Mixes - fype 1; Binder, Type S;, FC-@;, and ABC-3 


* * Intermediate Mixes - Type II and III, FC-1 and 4, ABC-e 


HH Fine Mixes - SAHM and ABC-1 


To evaluate the asphalt content, the standard method 
B=eamrs eoiM Designation D 2@17e (AASHTO TF 164). The test 


S6llows for the quantitative separation of the aggregate and 


Sacopmal t. The asphalt content is then determined on the basis 
Si. one relative weights of the extracted asphalt and 
aggregate. 


The extracted asphalt can be reclaimed from solution by 
Setiemetnod D 1856 (AASHTO —f 170). Its Viseosity at 6O deg € 
(140 deg F) can be determined using ASTM D ei71 (AASHTO T 
EOE), Standard penetration tests could also be run if 


desired. 
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NEW MATERIALS 

New asphalt cement; recycling agents, aggregate and 
various additives such as anti-stripping agents must be 
eveuteved im preparation for the mix design process. 

New asphalt cement which is added to the recycled mix 
serves two main purposes. It increases the total asphalt 
SOmncvenc Up to the optimum amount for the mix and it blends 
with the aged asphalt to produce an asphalt blend meeting the 
desired viscosity. Common asphalt cements used in hot-mi-~x 
recycling are AC~-10, AC-5 or AC-2@.5 (AR-4000, AR-2000 or AR- 
mOoOO; 85-100, ra@g=to2018or COO=300 pem. ). These asphalt 
cements should meet the requirements of standard 
Seeettaese tions ASTM D S381 or D 946 (AASHTO M 2e6é or M 2O). 

Recycling agents can be used in addition to or in lieu 
of adding new asphalt cement to the recycled mix. Recycling 
agents are organic materials with chemical and physical 
characteristics selected to restore the aged asphalt cement 
to the desired specifications. The main consideration is to 
bring the viscosity of the aged asphalt cement within 
Seeeificatiaons. 

Recycling agents are usually effective. Their main 
Grawback at this point in time is that there are no 
nationwide American standard epecifications tf ONE these 
materials. A Pacific Coast Conference of Asphalt Users and 
Producers adopted a set of tentative specifications for 


recycling agents igi d oy ye These tentative specifications 
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were submitted to ASTM for consideration in the development 
Gyeestcancgards for recycling agents. These proposed 
specifications were published in the 1980 Proceedings of the 
Bssociation of Asphalt Paving Technologists (Volume Foie 

The FDOT requires asphalt recycling agents to meet the 
following minimum standards: 


TABLE 3 -— ASPHALT RECYCLING AGENT STANDARDS 





(FROM FDOT SPECIFICATIONS) 


1. Absolute Viscosity, (V60) after the 


Thin Film Oven Test (TFOT) Slo ratio (ma>. 
omemomoake Point eae Geo F min. 
Sec lash Point 400 deg F min. 
4, So rub? lrcy G7 «Deer ecenrt 


For emulsified recycling agents, FDOT requires that they 
only be used in mixes with at least 40 % RAP, and that they 
meet the followirg minimum standards: 

TABLE 4 —- EMULSIFIED RECYCLING AGENT STANDARDS 


CFROM FDOT SPECIFICATIONS) 


Mmeovorage stability 24 hour 1.0 percent ma». 

eC. Sieve Test O- perce camoa~. 

Ss. Residue by Evaporation 65.0 spereent inimm. 
4. Residue shall meet the requirements of Table 3 


The Bureau of Materials and Research is the approval 


Hiererisy in the State of Florida for recycling agents. 
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New aggregate can be any aggregate which is normally 
used for hot~-mix asphalt concrete. It should be kept in mind 
that 1t must be blended with the reclaimed aggregate to meet 
the required specification though. It should also be kept in 
mind as ta whether the recycled mix 15 to be used as a base 
or surface course. 

ePegitives such aS anti-stripping agents must be looked 
at eS well. Stripping depends mainly on the aggregates. Le 
the reclaimed aggregate showed a problem of stripping, then 
the recycled mix would show the same tendency. Anti= 
stripping agent would then be required. The blend of 
aggregates should be checked for resistance to stripping. 
The immersion compression test, "Effect of Water on Cohesion 
of Compacted Bituminous Mixtures," ASTM Designation D 1075 
(ARBSHTO T 1465) can be used. The retained strength should 


exceed 75 percent of the original strength. 


CONCLUSION 
Tae orooe: charecterization of the existing materials is 
extremely important to the entire hot-mix recycling process. 
fmesseamoling plan chosen for the project is critical. The 
results of the tests on the various samples will show the 
direction in which the mix design will have to go. 
The sampling plans and techniques outlined in this 


chapter can be adepted for any project. Engineering 
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judgement as to how much sampling 15 enough will come into 
play. Inadequate sampling can lead to inadequate mix design 
and costly future change orders. Too much sampling can be 
very expensive and time consuming. 

The variability of the samples may lead to the 
conclusion that more than one mix desiqn will Rave to be 


used, or that significant mixing of the RAP will be needed to 


obtain a more uniform product. On the other hand, the 
variability may be small enough thagemeit will moet 
significantly affect the mix design. An analysis of the 


variances found will be required in order to make these 
determinations. 

With the existing and new materials properly 
cheracterized;, the hot-mix recycling mix design process is 


ready to proceed. 
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CHAPTER FOUR 


HOT-MIX RECYCLING DESIGN 


INTRODUCTION 

This chapter presents the hot-mix recycling desi-qn 
procedure as advocated by The Asphalt Institute. This mix 
desiqn procedure uses either the Marshall or the Hveem 
method. The following steps summarize this procedure: 

ie Determine the aggregate gradation, asphalt content, 
and viscosity of extracted asphalt from the RAP. 

©. Determine the gradation of the reclaimed aggregate 
material and/or new aggregate. 

o- Calculate the combined aggregate gradation in the 


recycled mix. 


4G. Approximate the asphalt demand of the combined 
aggregates. 
a Estimate the percent new asphalt and/or recycling 


agent in the mix. 


Gr Select grade of new asphalt and/or recycling agent. 

7. Conduct trial mix designs by the Marshall or Hveem 
methods. 

8. Select a job mix formule. 


This chapter also presents an outline of how both the 
Florida Department of Transportation (FDOT) and the Wisconsin 


Department one Transportation (WisDOT ) are currently 
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conducting asphalt hot-mix recycling design. These states 


currentiy use asphalt hot-mix recycling to a large degree. 


THE ASPHALT INSTITUTE HOT-MIX RECYCLING DESIGN . 
In starting the mix design, the existing and new 


material properties found from the methods discussed in 


Chapter Three, should be known. Additionally, the 
specification required for the recycled mix should be 
established. This means that at least the aggregate 


gradation, asphalt cement viscosity ranges minimum stability, 
and percent air voids (normally a 4 percent minimum), should 
be established. 

A trial percentage of RAP in the mix should be 
established. This amount should be the highest percentage 
that would be considered to be practical. The type of plant 
which will be used on the job will often govern the maximum 
amount of RAP. In general, batch plants can handle up to 50 
percent (without some type of auxiliary method of preheating 
the RAP); with 10 to 35 percent being the most practiceal 
range. In general, drum-mix plants can handle up to 70 
percent, with the most practical range being 10 to 50 
percent. The amount and viscosity of the aged asphalt may 
also become a limiting factor on the total percent RAP in the 


Mix. 
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Steps 1 and @ - These steps (as listed in the 
Mmeoadtetion tO this Chapter) will have already been 
completed at this point. 

Step 3 - The combined gradation of the aggregate in the 
RAP and the new aggregate must be calculated. This gradation 
must meet the specifications established for the project. 
After the blend of aggregate has been established, ie tio ttt 
amount of new aggregate is expressed aS r; in percent of the 


total aggregate in the mix (expressed as a whole number, i.e. 


BO, = 30). 
Step 4 - The approximate asphalt demand of the combined 
aggregates must be calculated next. This can be done by 


either using the Centrifuge Kerosene Equivalent (CKE) test or 
using the following empirical formula: 


Pee eOmOsoa = OO. OFoD) fo inG. +) & 


where: 

P = approximate total asphalt demand of recycled 
Mix, percent by weight of mix 

a = percent (expressed as a whole number) of 
mineral aggregate retained on the No. 8 sieve 

b = percent (expressed as a whole ees) 4 
mineral aggregate passing the No. 8 sieve and 
retained on the No. 200 sieve 

c = percent (expresses as a whole number) of 


mineral aggregate passing the No. eO0O sieve 


eS) 





A 
ll 


0.15 for 11-15 perc. passing the No. 200 sieve 
0.18 for 6-10 perc. passing the No. 200 sieve 


0.cO for 3 perc. or less passing the No. 200 


sieve 
F = 0 to e@.0O percent. Based on absorption of 
light or heavy aggregate. In the absence of 


other data; a value of 0.7 is suggested. 


With the approximate total asphalt demand calculated, a 
basis for a series of trial mixes is established. Trial 
mixes normally vary the asphalt content in 0.5 percent 
increments on either side of the approximate total asphalt 
demand. 

Step 53 - An estimate for the quantity of new asphalt 
and/or recycling agent to be added to the trial mixes of the 
recycled mixture can now be made. This quantity is expressed 
as percent by weight of total mix and is calculated by the 


following formula: 


(1002 — TP ar?) eS (100 - r) ets 
Pra 100 (100 —- Pan? 100 - Par 
where: 
Pan = percent™ of new asphalt in recycled mi» 


“| 
i 


percent” new aggregate as calculated in 


step 3 above 


2The Asphalt Institute, Asphalt Hot-Mix Recycling (MS- 
eos end ed. , (The Asphalt Institute, College Park, Md.; 


1986), p. 12. 
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Ph = percent*, asphalt content of reclaimed 
asphalt pavement asphalt demand; 
determined by CKE or empirical formula 
in step 4 above 

Per = percent”, asphalt content of reclaimed 


asphalt pavement 


* - expressed as a whole number 
Step 6&6 - The selection of the grade of the new asphalt 
or recycling agent is next. First the percent of the new 


asphalt, Pan, to the total asphalt content, Pi, is calculated 


by the following formula: 


100 Pris 


Pry 
The grade of new asphalt and/or recycling agent is 


R= 


determined using a log-log viscosity versus percent new 
asphalt blending chart. An example of this chart is shown in 
Bigure 1. 

To use the chart, plot the viscosity of the aged asphalt 
in the RAP on the left hand vertical scale (point A). Draw a 
vertical line representing the percentage of new asphalt,s R; 
calculated above and determine its intersection with the 
horizontal line representing the target viscosity ‘(point B). 
The target viscosity is usually the viscosity of the mid- 
range of the grade of asphalt normally used in new mixes for 
the project location. Then draw a straight line from point A; 
through point B and extend it to intersect the right hand 


scale, point C. 
|) 





DING CHART 
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— EXAMPLE ASPHALT VISCO 


FIGURE 1 


(FROM THE ASPHALT INSTITUTE MS-20) 
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Point C then represents the viscosity at 60 deg C (140 
deg F) of the new asphalt and/or recycling agent required toa 
Blend with the asphalt in the RAP to obtain the target 
viscosity in the blend. The grade of asphalt Vaneaen 
meceyeling agent which has a viscosity range that includes or 
PemetOSest tO the viseesity et point EC will then be selected. 

sometimes the engineer may wish to use a certain grade 
of asphalt cement in the mix design and then add recycling 
Pdeme to the mix to give the desired target viscosity. 
Figure @ shows an example of how this is done on the same 
blending chart as just described. 

In the example shown on Figure @, point A represents the 
viscosity of the aged asphalt (100,000 poises). Pome) bis 
then found using a target viscosity of 2,000 poises and 3a 
value of R equal to S57 (the equation tae calculate R was shown 
earlier in this step). The line projected through points A 
paces Locate point C (18O poises). 

The engineer has decided to use an AC~-e0 and a recycling 
agent with a viscosity of 1 poise in the recycled mix design. 
To calculate the blend of these two components to give the 
required viscosity of 180 poises (and ultimately blend with 
the aged asphalt to meet the target viscosity af 2000 


Set ses?, OOInt DP 1s then plotted on the left hand vertical 


scale at 2,000 poises (target viscosity). Roeint £.1is then 
Brat ted »on the right hand vertical scale at 1 poise 
(viscosity of the recycling agent to be used). Point F is 


Si, 
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MeGeteae Oy finding the point on line D—- —E which has a 
viscosity of 180 poises. Projecting point F down to the 
horizontal scale shows a value of R equal to ee percent. 

This result indicates that a tank of AC-20 which 
contains ee percent of the recycling agent should have a 
wrscosity of 180 poises. This combination will then bdDlend 
with the aged asphalt to meet the target viscosity of 2,900 
poises. 

The Asphalt Institute does suggest that when selecting sa 
grade of asphalt cement for recycling, that the following 
Quide be used:” 

Up to 20% RAP - No change in asphalt grade. 

2i% RAP or more ~—- Do not change more than one grade 

(i.e. from AC-20 to AC-10). 

Step 7 - Trial mix designs are then made using either 
the Marshall or Hveem apparatus. Table 3S provides the 
formulas needed to proportion the materials for asphalt 
contents by both weight of total mix and by weight of 


aggregate. 


3The Asphalt Paar tite. Csonalven nOvelun RecyYe limeguios 
Sac. ed. (The Asphalt Institute, College Park, Md.; 


1986), p. 14. 
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TABLE 


SS 


FORMULAS FOR PROPORTICNING MATERIALS FOR 


RECYCLED HOT MIXTURES 
eamere Fiend of sgqgrecates in the mix is k& 


Eat comstant? 


(FROM THE ASPHALT INSTITUTE MS-e20) 


For Asphalt Content 





by wt. of total mix by wt. of aggregate 
oe 2. aa 
0% New Asphalt, Bis ce sialic ne OOS 1) aa COT DE: 
100 (100 - P,,) 100 -P., 100 
= = lc On=an 
% RAP. P_ 100 (100 - r) (100 r)Pp (100 + P,.,)(100 —- r) 
100 - Py, 100 - F., 100 
% New Agg. and/or RAM, P,. pee r 
100 
Total 100 100+ P, 
% New Asphalt to Total 100 7F 100°Re. 
Asphalt Content, R nee P. 
—— pa ee | ee 
Woere: 
Poem = Percent Salvage mix (RAP) in the recycled mix 
Py = Asphalt content of recycled mix, % 
Peo = ASphalt content of salvaged mix (RSP), % 
Pre = SdGitionael ssphalt send/or recycling agent in 
recycled mixs % 
Pras = Percent sdditional aggregate (new or 
reclaimed aggregate material) 
is = Percent new and/or recisimed aggregate 


material to total sgqgregete i 





Wee GyVC Leela, < 


R = Percent new asphalt and/or recycling agent to 


total asphalt in recycled mi» 


Note: 4&ji1l percentsges should be expressed 3s 


4Q 


whole numbers. 





Test specimens should be made with asphalt contents at 
the approximate asphalt demand, with three asphalt contents 
below and one above the approximate asphalt demand when the 
Marshall test apparatus is used. When the Hveem test 
apparatus is used, test specimens should have asphealt 
contents at the approximate asphalt demand, with two asphalt 
contents below and one above the approximate asphalt demand. 
The test specimen asphalt contents should be in 0O.5 percent 
increments. 

The test specimens should be made by ASTM Method D 1559 
when the Marshall test apparatus is used and by ASTM Method D 
1561 when Hveem test apparatus is used, with the following 
changes or special provisions:* 

ae If necessary, reduce the RAP in size to pass the one 
inch sieve and seperate it by dry sieving into the following 
size fractions: 

A. et OMe a Simca 
Bee? te bos o line 
ae a7 Sater No. 4 

D. Passing the No. 4 

ec. Heat the new aggregate SO deg F above the standard 
esttmnetmod DP 15597 or ASTM Method D 1561 mixing temperatures. 

a. Heat the RAP to the standard ASTM Method D 1559 or 


ASTM Method D 1561 compaction temperatures. 


“Bernard F. Kallas, Flexible Pavement Mixture Design 


Using Reclaimed Asphalt Concrete (RR=B4-c), (The Asphalt 
Pesvwumtve, College Park, Md.,1984), pp. E-19-e0. 
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4. Dry mix the new aggregate and reclaimed asphalt 
concrete 30 seconds. 

Ds Add the new asphalt and/or recycling agent 
previously heated to the mixing temperature to the new 
aggregate and RAP and mix for 60 seconds. 

e- Transfer the completed batches of mix to covered 
tins and place them in an oven maintained at the compaction 
temperature for a minimum of one hour and not exceeding two 
Rours prior to compaction of the specimens. 

Vs Prepare duplicate batches of mix at each asphalt 
content for determining the theoretical maximum specific 
Qravity of bituminous paving mixtures by ASTM Method D 2041. 

Note: The mixing and compaction temperatures are based 
on the viscosity of the blend established by the aged asphalt 
cement from the RAP and the new asphalt cement and/or 
recycling agent. 

In running the tests, first determine the bulk specific 
Gravity of the compacted specimens according to ASTM Method D 
ave 6. Then determine the maximum load and flow value of the 
specimens according to ASTM Method D 1559 if Marshall test 
apparatus are used, or the stabilometer value of the 
specimens according to ASTM Method D 1561 if the Hveem 
epparatus are used. Calculate the percent air voids in the 
compacted specimens according to ASTM Method D 3e03. 

Eon the Marshall test, graphs of maximum load 


(stability), density, flow value and percent air voids versus 
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recycling agent or new asphalt content, should be made. For 
Pepemmveem test, graphs of stabilometér values, density and 
percent air voids versus recycling agent or new asphalt; 
should be made. 
ioe CetIng the optimum recycling agent or new asohalt 
content in the Marshall test, determine the recycling agent 
Or asphalt contents from the above graphs which give the 
mol lowing: 
A. Maximum load (stability) 
Ee Maximum density 
C. Four percent air voids 
The optimum recycling or asphalt content will be the 
average of the above three values. If peaks are not reseched 
for the maximum stability or density curves, select the 
optimum as the recycling agent or new asphalt content giving 
four percent air voids. 
For the Hveem test, the following steps are used to 
select the optimum recycling agent or new asphalt content: 
ie Using Figure 3, insert in Step 1 of the pyramid, the 
asphalt contents used for preparing the series of mix design 
specimens. Insert the asphalt contents in increasing amounts 
Peom Lert to right. 
e. Select from Step 1 the three highest asphalt 
contents that do not exhibit moderate or heavy surface 
ZIshiimgeand record them on Step e. Surface flushing is 


considered "slight" if the surface has a slight sheen. HME 
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would be considered "moderate" if sufficient free asphalt is 
apparent to cause paper ce stick co tmetisurface Dut mo 
Grovertion is noted. Surface flushing would be considered 
"heavy" if there is sufficient free asphalt to Pees scare 
puddling or specimen distortion after compaction. 

3. Select from Step e@ the two highest asphalt contents 
that provide the specified minimum stabilometer value and 
SHlicetetcmem im Step 3. 

4%. Select from Step 3 the highest asphalt content that 
has at least 4.0% air voids and enter it in Step 4. 

2. the asphalt content in Step 4 1s the optimum asphalt 
content. Although, if the maximum asphalt content used in 
the design specimens is the optimum, there is a problem. In 
this case the optimum is not valid and additional specimens 
with increased asphalt contents inO.3 percent increments 
must be made. The new optimum asphalt content can then be 
determined with this additional date. 

FIGURE 3 


HVEEM OPTIMUM ASPHALT CONTENT PYRAMID 







Step 4 -— Maximum asphalt content with 
4 or more percent air voids 


Opt. Asphalt 
Content 


Step 3 - Specimens meeting minimum 
stability requirement 


Step 2 —- Specimens with no 
Flushing 
Step 1 - Design series 
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Step 8 - The results of both test methods then need to 
be compared against the project specifications. These should 
be the same specifications as used for mixes with all new 
materials. If all criteria are met; then this See ee the 
peeo-mix formula. If not, then adjustments need to be made to 
the recycled mix and the mix design process started again 


from the appropriate step. 


THE FDOT HOT-MIX RECYCLING DESIGN 

Chepter @ discussed how FDOT characterized the existing 
Pavement materials and how the contractor obtained samples 
wor his mix design. In Florida, the contractor 15 
responsible for providing the final design of the recycled 
mix. The proposed job-mix formula and samples of all 
material components are then sent to the Bureau cof Materials 
and Research. & copy of the job-mix formula is sent to the 
District Bituminous Engineer at the same time. 

The FDOT places a maximum limit of 60% RAP on the hot- 
mix recycling design. The contractor must then choose what 
percent RAP he will use in his job-mix formula based on his 
equipment capabilities and the materials available. The 
contractor will normally try to maximize the amount of RAP 
used in his job-mix formule. This has normally come out to 
an average of about SO” RAP in Floride. 

Figure 4 shows the nomograph used by FDOT to select the 
Grade of recycling agent to be used. The viscosity of the 
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FIGURE 4 - FDOT NOMOGRAPH FOR VISCOSITY 


(FROM FDOT ASPHALT PLANT TECHNICIAN CERTIFICATION STUDY GUIDE) 
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aged asphalt iS Provided to the contractor from the samples 
eeseussed in Chapter ec. The target viscosity used by FDOT 
was 4500 + 1500 poises (this range is indicated by the dashed 
lines on Figure 4), But has now been revised to 6000 + 2000 
poises. This is the same type of blending chart as discussed 
in The Asphalt Institute design section and has the same 
procedures for using it. 

The following procedures are used in handling the RAP 
material and in preparing the combined agqgregate batches for 
the recycled mix design: 

de Place the ten 6&6 inch roadway cores (the portions 
which represent the thickness to be milled) in an oven at 230 
deq F;, until they can be broken down into small pieces 
without degrading the aggregate in the mix. 

a Spread the broken down RAP material in a thin layer 
in a flat pan to prevent rebinding and cool to room 
temperature. 

3. Separste the RAP material using a nest of the 
following sieves: 3/74", i/7e"; 3/78", No. 4,5 No. 10 and pan. 
Determine the gradation of the material. 

4G, eee nc the RAP material with the new aggregate 
components to form the individual batches for preparation of 
the 2.5" height by 4.0" diameter Marshall specimens. 

The RAP material is combined with the new aggregate on 
the basis of the gradation determined in step 3; rather than 


foe extracted gradation. This 16S done to correct the 
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Poererence between the ectual gradation of the aggregate in 
the roadway cores and the gradation which will exist after 
Me tii G) Approximately eS percent of the minus #10 material 
will remain bonded to the coarse aggregate during the 
Gradation of the RAP material in step 3; which is 
approximately the same amount that will be generated by the 
milling operation. 

The amount of asphalt contained in the RAP material must 
be taken into account during the preparation of the combined 
aggregate batches. If this is not done; the percentage of 
aggregate from the RAP material will be less than what was 
wanted. 


Se Run the standard Marshall design procedure. 


The FDOT specifications have been combined to include 
both recycled and new mixes. Therefore, they both have the 
Same criteria for selection of the optimum asphalt content 
based on percent air voids; stability and density. The 
minimum criteria for the mixes are contained in the FDOT 
specifications. 

The FDOT also requires that the viscosity of the asphalt 
in the recycled mix be tested on a random basis at a minimum 
frequency of one sample per 2000 tons of mix. This may be 
viewed as more of a quality control measure rather than part 
of the design, but FDOT considers the fact that they have 


this end-result viscosity specification, to be a significant 
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PaAecg@miim the desigm and control of het-mix recycling. This 
will also alert the State of any processing deficiencies such 
as damage Dy overheating. 

The last item of interest in the FDOT method of recycled 
mix design is the fact that they give the contractor an 
assumed optimum asphalt content for bidding purposes. This 
assumed optimum asphalt content for coarse graded mixes is 
6.0 percent and for fine graded mixes it is 6.5 percent. 
This allows for consistent bidding results since the actus} 
optimum asphalt content is not known at that time. When the 
actual optimum asphalt content has been determined for the 
job-mix formula and it varies from the assumed optimum, the 
payment for the mix will be adjusted up or down, based an the 


cost of the asphelt cement plus 10 percent. 


THE WisDOT HOT-MIX RECYCLING DESIGN 

The WisDOT first characterizes the pavement materis!s as 
Srsensses ~~ in Chapter c. They then proceed on with a 
preliminary design which will allow for the project plans and 
specifications to be drawn up. The final design is not done 
meri vine existing Ee eek. materials have been milled or 
processed. The WisDOT maintains the responsibility fer 
providing both the preliminary and final mix designs. 

The WisDOT uses penetration graded asphalt cement in 
beth their new and recycled mixes. Therefore, a target 


penetration instead of a target viscosity is used tn 
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selecting the grade of new asphalt cement to add to the 
rerycled mix. The target penetration is then based on the 
anticipated average daily traffic. Figure 3 shows how a 
target penetration is chosen. 

Once a target penetration has been chosen; the blend 
Proportions for the aged asphalt and the new asphalt must be 
determined. Figure 6 shows an example of how this blend is 
determined. This blending chart is really the same as that 
used in Tne Asphalt Institute design except that the vertical 
scale represents penetration instead of viscosity. This 
results in lines which slope in the opposite direction to the 
previous blending chart figures. However, the procedures for 
using it are the same. 

The proportion of the RAP material is then calculated in 


the following equation: 


ABR AA 


4745 = (1 - TOO pret TA ») € 100 ) 
Where: 
%S = percent RAP in the recycled mix 
ABR = asphalt blend ratio (as calculated from 
Figure 6) 
%*A» = total percent asphalt in the recycled mix 


% Aw percent salvaged esphalt 
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FIGURE 5 - WisDOT TARGET PENETRATION CHAR 
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WisDOT ASPHALT PENETRATION BLENDING CHART 


(FROM ZUEHLKE, 1981) 
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Figures 7 and 8 illustrate an example of this general 
design method as given in the WisDOT guidelines on designing 
recycled mixes.™ Figure 7 shows the preliminary design 
data, while Figure 8 is for the final design. 

In looking at Figure 7, Field 1 shows: 

1. An estimate of the likely optimum total asphalt 
content of the new recycled mixtures (%Ar). 

es The measured percent of asphalt in the RAP to be 
Salvaged, (%A,). 

Sis The measured penetration of the salvaged asphalt, 
(Pen A,). 

4. The estimated average ADT data. 

0D. The required penetration value for the total asphalt 
content of the recycled mixture, (Pen A,). a5 determined from 
Figure 6. Values are shown for the optimum level and for the 
allowable range of such values. 

Since the optimum grade of the new virgin asphalts Aas 
is not yet known, the computations shown in Field e are made 
to establish the necessary proportions of the RAP material, 
435, for the recycled mixture which will satisfy the ABR 
requirements for a range of penetration vaiues for the added 
asphalt, (Pen Aj). These data are then plotted in Field 3. 

An inspection of these plotted data points indicate that 
a 120/150 grade of added asphalit;,; Raving an actual 


“G.H. Zuehlike, Recycled Bituminous Pavements, Design of 
Mixture Proportions (Department of Transportation, State of 


Wisconsin, October, 19681), pp. 11-16. 
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FIGURE 7 - WisDOT EXAMPLE PRELIMINARY MIXTURE DESIGN 


(FROM ZUEHLKE, 1981) 
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penetration of 150; would allow a proportion of RAP, “%S;, of a 
maximum of about 2S. This may be too low to be practical. 
s0 the use of the 200/300 grade can be considered. Assuming 
that the actual penetration of the asphalt currently being 
provided under this grade is about 230; it is shown that the 
allowed range of proportions of the RAP is from about 33 to 
about Gé. 

Assume that the pavement designer had determined that he 
wanted his percent RAP to be a minimum of about 50 but will 
attempt to be satisfied with 46 percent. He will then 
reconsider his total recycled pavement design concepts and 
prepare the necessary plans; specifications and estimates. 
In this case he would likely specify the use of 200/300 grade 
of asphalt and that the percent of RAP will be; as determined 
by the engineer, within the range of say 46 + 5. 

The above description relates to the derivation of the 
necessary preliminary mixture design paremeters. Later; when 
the RAP has been removed and processed, a representative 
sample of this material and of the proposed virgin aggregate 
and new virgin asphalt are submitted to the laboratory for 
final mixture design testing. At this time the pavement 
designer will also inform the laboratory of the desired 
mixture proportions to be used. In this subject case he 
would likely suggest using 4&6 percent RAP in the mixture 


design process. 
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In looking at Figure 8, the final mixture design process 
for WisDOT 185 illustrated. In Field 4 it 15 shown that the 
actual penetration of the proposed new asphalt, (Pen Az), is 
230 as earlier anticipated. The percent asphalt in the RAP 
1s now 4.90 as compared to the 4.50 value determined for the 
preliminary samples. The penetration of the recovered 
asphalt is now 30 as compared to the value of 27 obtained for 
the preliminary samples. 

Marshejl mix design samples are now prepared and tested 
having a percent RAP of 46.1 and range of added asphalt 
contents selected to bridge the likely optimum asphalt 
content. The derived Marshall test data indicate that the 
optimum added asphalt content is 3.80 percent and that the 
total asphalt content, derived as shown tmeeteld- "3S, 15 3.82 
percent. 

Computations as shown in Field 6, are made for the 
proportions of RAP and the added new asphalt which will 
satisfy the shown ABR values and other design criteria. Note 
that computations are also Phe) Udedtt or asphalt contents of 
minus O.5 percent and plus 0.5 percent from the optimum total 
Ssomat. Content. This 18 to provide some latitude in 
=acrelt ing  MixtuGZe propertions in the fretd to achieve 
Povimim Mixture characteristics. This range of asphalt 
contents may be limited by other Marshall design criteria. 

The computed data are illustrated in Field 7. Pt. is 


noted that at the reported optimum asphalt content, the 


|6 





re re ee 


(FROM ZUEHLKE, 1981) 




















RECYCLED BITUMINOUS PAVING MIXTURES 
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allowable range of RAP is now from 36 to 50 percent, somewhat 
higher than indicated by the preliminary data. This is the 
result of the noted change in the percent salvaged asphalt 
and in the penetration of this salvaged asphalt. 

From the results of this data and the decisions made in 
the process, the engineer would likely specify that the 
produced recycled mixture have the following composition: 

90.0 % RAP 

3.6 % Added asphalt 
46.4% %*% Virgin aggregate 
YOOTO % Wotal 

As may be necessary, some adjustments may be made 
subsequently to accommodate specific needs as long as all 
resulting proportions fall within the tllustrated 
parallelogram. 

The WisDOT clearly prefers the use of soft greded 
asphalt cements over recycling agents. In 1980 they stated 
based on the best information available to them at the time, 
that the long term benefit of recycling agents is in some 
aout. Therefore; they were going to stay away from them as 


much as possible.*= This basic viewpoint was again 


@meG.H. Zuehlke, Recycled Bituminous Pavements (Department 
of Transportation, State of Wisconsin, February ee, 1980)>5 p. 


a. 
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re-emphasized in 1981 by warning their engineers that 
recycling agents had not yet proven to be totally effective.” 

The last item which should be noted in the WisDOT hot- 
mix recycling design procedure, is that the final mix design 
is not done until all of the existing material has been 
processed. Using processed RAP for the final mix design will 
Qive the most accurate results. The WisDOT recognizes that 
their method of waiting for all of the RAP to be processed 
and then doing the final mix design, could lead to a long 
period where the roadway would be out of service and the 
SQmoteuetion held up. The general guidance they have given 
their field personnel concerning proceeding with the project 
on the basis of the preliminary design rather than waiting 
mo, Gmeetinal mix design is as follows: 

If the old pavement to be recycled 1s quite 
uniform in composition, if the processing 15 known to 
not likely degrade the aggregate too badly, if traffic 
volume is relatively low, if only lower binder courses 
are involved, if no stability problems are expected and 
if an acceptable alternative means exists for assuring 
adequate control at the work, it would be acceptable to 


produce the paving mixtures before the final mixture 
design data are available.® 


“G.H. Cuehlke, Recycled Bituminous Pavements, Design of 
Mixture Proportions (Department of Transportation, State of 


Hsceamovms, Getobers 1781), p. e@o. 


SG.H. Zuehlike., Recycled Bituminous Pavements, Design of 
Mixture Proportions (Department of Transportation, State of 


Beseamsim, Oetober, 197831), p. ec. 
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CONCLUSION 

This Chapter has shown how hot-mix recycling design is 
approached by The Asphalt Imstitutve, FDOT and WisDOT. The 
Asphalt Institute procedures have been presented in more 
detail than the general outlined procedures of the two 
States. It can be seen that while there are many 
Similarities between the procedures of each organization, 
there are differences as well. 

The basic design approach can be looked at as three 


basic steps: 


ie Characterize the materials to be used. 
2. Perform a preliminary mix design. 
Ske Perform a final mix design. 


Due to the variable nature of the existing pavement 
materials, probably the most important factor ta ebtarming a 
good design 18S obtaining representative samples for use in 
CineG GeSign. Without this basic = starting point, the design 
could cause many problems in the field. 

All of the methods of design presented, used either the 
Marshall or Hveem tests to pick the optimum asphalt content 
in the recycled mix. Since these procedures are the most 
commonly used methods in designing new mixes, it is helpful 
in designing recycled mixes due to the familiarity with the 
tests and the availability of the test equipment. 

All of the procedures used the same basic blending chart 


for determining the correct blend of aged and new asphalt 
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and/or recycling agent to meet the target. Although WisDOT 
Soaoepene twat ioN Gradina rather than viscosity grading, the 
blending charts use the same principles. 

The Asphalt Institute and FDOT followed the Booger Sar 
trying to establish a target percent RAP in the mix prior to 
selecting the asphalt blend. They then could find out what 
viscosity of asphalt cement and/or recycling agent was needed 
to reach the target viscosity. Neither agency seemed to have 
any hesitancy in using recycling agents in order to meet the 
moieget. Viscesity. 

On the other hand, WisDOT started out with trying to 
pick an asphalt cement to add to the mix which would give an 
acceptable percent RAP in the mix. They tried to stay away 
from the use of recycling agents and just use the softer 
Grades of asphalt cement to meet a target penetration. In 
G@eing this and establishing a envelope of acceptable 
percentages of RAP in the mix, they seemed to end up having 
to pick a point on the edge of their established design 
envelope in order to get acceptsble values for the percent 
RAP in the mix. 

While this approach has indeed worked for WisDOT as 
evidenced by the large quantities of hot-mix recycling they 
have accomplished, it is felt that the use of recycling 
agents could improve their designs. A recycling agent could 
Give them an acceptable design envelope which allows for 


higher percentages of RAP in the mix. 
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Each agency examined, cited the fact that they wanted to 
use the highest percent RAP that would be practical (maximum 
See con ror FDOT). While it 1S true that no American 
nationwide standards exist for recycling agents ae the 
present time, there are guidelines which do exist. The FDOT 
has established some standards for recycling agents within 
their specifications. 

The key to the successful use of recycling agents at the 
present time is good quality control. Toward this end, FDOT 
tests all proposed recycling agents and has established an 
end-result viscosity specification to control the finished 
meeycieo product. io is felt that this is an excellent 
approach which allows the greatest flexibility in the design 
of a recycled hot-mix. 

Each of the three agencies lcoked at agreed that the use 
of milled or processed RAP samples was the preferred approach 
to obtaining a final mix design. These samples allowed for 
the ability to get the material properties which would most 
Closely approximate those which would be seen at the plant. 
The Asphalt Institute recommended that these samples be used 
whenever possible. The WisDOT uses these samples exclusively 
in obtaining their final mix designs although, they will 
start on a project with only preliminary design data on 
Gecasion. The FDOT only uses milled or processed RAP for 
their final mix designs in cases where the contractor is 


uSing material from a stockpile, or where the contractor 
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chooses to mill some of the existing roadway to obtain 
samples, rather than using cores. The approach by The 
Asphalt Institute could be considered to be in the middle of 
the road, while FDOT and WisDOT are at farther extremes. 

A final mix design with milled or processed RAP would 
Give the best results. The question of how close to that 
design 1s it possible to get to if core samples are used, is 
wheat must be decided in order to justify their use. 

The FDOT required that the RAP be separated by sieving 
Soimeg tres S74 5° 1/2", #378", No. Gs No. 10 and pan sieves. 
The gradation of fractions was then calculated. It was this 
Gradation that was used to combine with the new aggregate, 
rather than the gradation that was found through the 
extraction tests. The FDOT found that this provided an 
approximation for the change in gradation that would occur 
through the milling process. Based on the excellent results 
obtained by FDOT, there does not seem tao be a significant 
difference between this method and the use of processed or 
milled RAP samples for the final design. The FDOT does check 
the extracted gradation of the final recycled product from 
the plant to insure that the specifications have been met. 
The field personnel can accept slight variations in gradation 
from the specification at that point in time, if the Marshall 
properties justify it. 

The FDOT is apparently willing to accept the possible 


risk their methods bring about. The WisDOT does not take as 
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much risk as FDOT, since they use the milled or processed RAP 


in their final mix designs. The penalty WisDOT pays is in 
terms of time on the project. This can correlate into 
extended GGmot rue. 1 om schedules, increased ‘traffic 


Gisruptions, and greater construction costs due to these 
inefficiencies. When viewed in this manner; maybe the small 
risks FDQT take in the final mix design process, are very 
well worthwhile. 

The bottom line in hot-mix recycling design, IS tinat 
adequate procedures ernist to design a recycled mix with 
confidence. This fact is helping states such as Florida to 
allow new and recycled mix specifications to be combined and 
the mixes used interchangeably. This allows the contractor 
the greatest flexibility in choosing his material sources and 


providing a quality product at the most economical price. 
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CHAPTER FIVE 


VIEW OF A FDOT HOT-MIX RECYCLING PROJECT 


INTRODUCTION 

This chapter will take a view of an actual FDOT hot-mix 
recycling project. The project to be looked at was located 
im Florida’s Suwannee County on Interstate LOe The 
construction was completed by the Sloan Construction Co.,; 
fme@es of Live Osk, Florida. The project (number S37 feO-Sssesa0 
was Started in 1985 and was completed in 1986. The project 
involved milling approximately 36.5 lane-miles of pavement to 
a depth of 4 inches. Approximately 85,000 tons of recycled 
hot-mix were placed on the project. 

This chapter will start ot f ow y looking at the 
composition of the existing pavement materials. From there 
it will review the initial job-mix formula for the project. 
During the course of the project, the job-mix formula was 
modified a few times to bring the final viscosity of the 
recovered asphalt cement in the recycled mix, beck into 
specifications. These changes will be looked at and checked 
against the resulting changes in the viscosity of the asphalt 


cement recovered from the recycled mix. 


COMPOSITION OF THE EXISTING PAVEMENT MATERIALS 
Personnel from. -District Two wot ~FDOT evaluated the 


existing pavement and took sufficient samples in accordance 
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with standard FDOT procedures, to obtain a representation of 
the composition of those materials. The resuits from the 
testing of these core samples were compiled into a table for 
Composition of Existing Pavement for the eee eee THis 
information then became a part of the contract documents. 
The basic pieces of information supplied included the ranges 
and averages for the viscosity, penetration and content of 
the asphalt cement, and the range and average for the 
aggregate gradation. This information was broken down by the 
location in the rosdway and the layer in which it wes 
located. 

Table 6 shows the actual Composition of Existing 
Pavement for this project. This information could then be 
used by any contractors interested in the project to develop 
a estimated job-mix formula upon which to base their bids. 
As pointed out in chapter four, FDOT tells the contractors to 
assume a total asphalt content of 6% for this type of mix for 
bidding purposes. fhis 15 an important factor in making sure 
that all bids will be based upon the same standards. The 
contractor is still free to select any percent RAP (up to 
50% ) that the material properties and his equipment will 
allow. 

The Composition of Existing Pavement information shown 
in Table 6 shows the variability of the existing pavement 
materials throughout the project site. The contractor must 


pay close attention to this variability. 
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(FROM FDOT PROJECT 


TABLE 6 


COMPOSITION OF EXISTING PAVEMENT 
1-10, Suwannee County 


Viscosity @ 140°F (Poises) 
Penetration @ 77°F (0.1 mm) 
Asphalt Content (%) 
Gradation - Percent Passing 

3/8" 

No. 4 

No. 10 

No. 40 

No. 80 

No. 200 


BI 


Range Average 
20,494 - 196,720 Sonat 
14 - 3) 22 
6d. = 67 6.5 
94 - 97 95 
68 - 69 69 
50 - 53 oc 
36 - 40 a7 
19 - 20 19 
5: neon Su 


Project No. 37120-3423 
M.P. 5.861 to 14.997 


249133 


Westbound Roadwav 


Top 2.0 Inches 


S77 cons 4cs) 


Eastbound Roadway 


Too 2.0 Inches 
Range Average 


19,108 - 64,788 32,852 


2033 27 
Bo sen O20 6.2 
95 - 97 96 
62 - 72 66 
43 - $3 48 
Sone oo 
19 - 2) 20 
5.6 2470 6.4 
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TABLE 6 (CONTINUED) 


COMPOSITION OF EXISTING PAVEMENT 
1-10, Suwannee County 


Project No. 37120-3423 
M.P. 5.861 to 14.997 


BI 249133 
Westbound Roadway _ Eastbound Roadway __ 
Bottom 2.0 Inches Bottom 2.0 Inches 
Range Average Range Average 
Viscosity @ 140°F (Poises) 9,365 - 123,604 6¢ ,246 5,992 - 141,588 51,823 
Penetration @ 77°F (0.1 mn) 17 - 38 Zs 17 - 46 29 
Asphalt Content (%) 4.8 - 5.7 aeeorc 4.5 - 6.2 5.3 
Gradation - Percent Passing 
3/4" 91 - 100 96 87 - 1C0 96 
Vas 79 - 100 88 71 - 100 90 
a7 0. 67 - 98 81 64 - 99 83 
No. 4 4] - 70 52 39 - 68 SJ 
No. 10 2B = 44 35 27 - as 35 
No. 40 20 - 30 26 20 - 33 27 
No. 80 12 - 15 14 14 - 18 16 
No. 200 5.7 - 6.0 6.0 5.2 - 7.8 Gre 
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TABLE 6 (CONTINUED) 


COMPOSITION OF EXISTING PAVEMENT 


Project No. 37120-3423 
SR-51 (US-129) Under I-10 





BI 249133 
southbound Roadwav - Northbound Roadway _ 
Range Average Range Average 
Viscosity @ 140°F (Poises) 86,031=168, 212 OZ 722 20 ,281-71 ,518 45,899 
Penetration @ 77°F (0.1 mm) 14 - 28 2] 21 - 33 27 
Asphalt Content (%) Soe.) 5.6 5.4 - 6.1 Sad 
Gradation - Percent Passing 
3/4" 96 - 100 98 93 - 97 95 
ee" 84 - 88 85 85 - 85 85 
378" 78 - 85 80 79 - 80 380 
No. 4 47 - 53 50 47 - 50 48 
No. 10 32 - 34 a3 31 - 33 eZ 
No. 40 25 - 26 26 26 - 27 Cf 
No. 80 14 - 17 16 1S 17 
No. 200 4..9%- 6:5 50 4.5-- 7.7 6.0 
Total Pavement Thickness (In.) 3.0 - 3.2 oe 2.9 - 3.7 a2 
Thickness Evaluated {In.) (TOP) 205 (1 OR) gi2es 


PR ap a eg SSS Se i SSS SS ys Sy SS 


oO” 





TABLE 6 (CONTINUED) 


COMPOSITION OF EXISTING PAVEMENT 


SR -10 (US-90) Under I-10 
Project No. 37120-3423 


BI 249133 
Westbound Roadway Eastbound Roadway 
Range Average Range Average 


Viscosity @ 140°F (Poises) 158,424 - 1,656,897 907 ,661 62,424 - 305,582 184,003 
Penetration @ 77°F (0.1 mn) O= ce }4 12 - 22 7 
Asphalt Content (%) G26e=) 5.2 4.9 5) onc 5.4 


Gradation - Percent Passino 


3/4" 94 - 97 95 ere + eee 100 
1/2" 85 - 96 89 e-- + eee 100 
3/8" 80 - 82 8) 99 - 100 100 
No. 4 54 - 56 a5 66 - 69 68 
No. 10 34 - 36 35 40 - 45 43 
No. 40 25 = 27 26 205-32 29 
No. 80 14 - 15 15 VS- 16 is 
No. 200 4.8 - 5.9 5.4 4.2 - 4.9 4.7 
Total Pavement Thickness (In.) Boe se3.6 3.4 2.8 - 3.4 Shel 
Thickness Evaluated {In.) (Top) 2.5 (TOR) ccs 
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TABLE 6 (CONTINUED) 





COMPOSITION OF EXISTING PAVEMENT 
Project No. 37120-3423 
US-129 and I-10 Ramps 


BI 249133 
Westbound Ramos Eastbound Ramps 
Bottom 2.0 Inches Bottom 2.0 Inches 
On Ramp Off Ramp On Ramp Off Ramo 
Average Average Average Average 
Viscosity @ 140°F (Poises) 132,431 111,989 305,424 14,099 
Penetration @ 77°F (0.1 mm) 18 17 14 34 
Asphalt Content (2) 4.6 4.6 4.7 4.3 
Gracation - Percent Passing 
ae 100 97 100 100 
3/4" 9] 90 az 90 
ce 73 71 73 71 
a7 0 65 64 65 63 
No. 4 36 38 39 36 
No. 10 26 2/7 28 26 
No. 40 ee 24 24 22 
No. 80 18 14 15 15 
No. 200 oE6 4.5 § .6 ae 
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TABLE 6 (CONTINUED) 


COMPOSITION OF EXISTING PAVEMENT : 


US-129 and I-10 Ramps 
Project No. 37120-3423 


BI 249133 
Westbound Ramps Eastbound Ramps 
Top 2.0 Inches Top 2.0 Inches 
On Ramp Off Ramp On Ramp Off Ramp 
Average Average Average Average 
Viscosity @ 140°F (Poises) 62,090 1G5,00) 139,234 1s2 ols 
Penetration @ 77°F (0.1 mn) 22 16 18 te 
Asphalt Content (3) 6.1 Say 5.8 6.0 
Gradation - Percent Passing 
ec 100 100 100 100 
30. 97 100 100 98 
No. 4 64 70 72 64 
No. 10 42 4) 40 4) 
No. 40 a3 3] 28 3] 
No. 80 18 16 16 18 
No. 200 4.9 4.9 2.0 6.0 


rm em ee SSS 


Ve 





TABLE 6 (CONTINUED) 


COMPOSITION OF EXISTING PAVEMENT 


US-90 and I-10 Ramps 
Project No. 37120-3423 


BI 249133 
Westbound Ramps Eastbound Ramps 
Bottom 2.0 Inches Bottom 2.0 Inches 
On Ramp Off Ramp On Ramp Off Ramp 
Average Average Average Average 
Viscosity @ 140°F (Poises) se si57 61,263 117,612 26-3503 
Penetration @ 77°F (0.1 mm) 38 21 17 29 
Asphalt Content (%) 4.9 5.4 4.7 ou 
Cradation - Percent Passing 
le 100 100 96 100 
3/4" 88 91 78 86 
Wee 77 71 59 71 
aye. 70 63 52 65 
No. 4 45 40 33 40 
No. 10 32 29 ao 29 
No. 40 24 22 19 22 
No. 80 1 14 12 i 
No. 200 ie 6.9 S25 6.6 
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TABLE 6 


(CONTINUED) 





COMPOSITION OF EXISTING PAVEMENT 


Viscosity @ 140°F (Poises) 


Penetration 3 77°F (0.1 mm) 


Asphalt Content (%) 


Gradation - Percent Passing 


1/2" 
3/5 
No. 
No. 
No. 
No. 
No. 


4 
10 
40 
80 
200 


Project No. 37120-3423 


US-90 and [-i0 Ramps 


Westbound Ramps 
Top 2.0 Inches 
Qn Ramp 


BI 249133 


Average 


57 5298 


25 
6.1 


100 
97 
66 
4] 
30 
i 


Jag 


74 


Off Ramp 


Average 


25,499 
29 
6.0 


100 
a7 
65 
42 
32 
ie 

6.0 


Eastbound Ramps 
Top 2.0 Inches 


On Ramp Off Ramp 
Average Average 
80,807 87 ,468 

20 20 
oa 63 
100 100 
96 97 
67 ii 
44 42 
31 29 
7 16 
S22 S22 





THE PROJECT JOB-MIX FORMULA 

Tice Oam mcOnstructiconm ©CO., [me.>, of Live Gak, Florida, 
wes the successful contractor who bid on this project. 
Figure 9 shows the initial job-mix formula which was approved 
for this project as of August 5, 1985. It shows that the 
contractor planned to use 60% RAP in the mix. The job-mi~x 
formula also shows the Marshall mix design properties for the 
optimum asphalt content of 6%. THis optimum asphalt content 
was determined through the use of the standard Marshall mix 
design procedures (as outlined in chapter four under FDOT mix 
design procedures), and 1S not just the estimated asphalt 
content as used for bidding purposes. In this cease, they 
just happened to be the same. 

A High Maltene Asphalt (HMA) with a viscosity oaf 200 
poises was chosen as the recycling agent for the recycled 
mix. THiS viscosity was determined through the use of s 
nomograph similar to the one shown in Figure 4 (chapter 
TOUR? « 

Figure 10 shows a revision to the initial jod-mix 
formula on September 3, 1985. The reasons for this revision 
were that the a temperature was being changed from 28d deg 
F to 300 deg F>, and the gradation of the milled material on 
the 3/8" sieve had changed slightly from what head been 
calculated previously. This change was made just prior to 
the start of paving operations and represented the actual 


conditions at the plant. 
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FIGURE 9 -—- INITIAL JOB-MIX FORMULA 


(FROM FDOT PROJECT 37120-34e3) 


STATE OF FLORTDA DEPARTMENT OF TRANSPORTATION . 
STATEMENT OF SOURCE OF MATERIALS AND JOU MIX FORMULA FOR BITUMINOUS CONCRETE 


Submit to che State Materiuls and Research Engineer, Central Bicuminous Laboratory, 
P. 0. Box 1029, Guinesville, Florida 326C2., 








Project: No. 37 120-3423 Type Mix S-1 Recycle Date 7/22/85 
Road No. 8 (I-10) County Suwannee Dasierict 2 





Concraccor Nane & 








Plant Locacion Sloan Const. Co., Inc. - Live Oak, FL Phone 904-289-7194 
Incended Use of Mix _sne¢s, Submicted By Sloan Const. QA Tech. W. M. Philbeck 
TYPE MATERIAL PRODUCER PIT NO. DATE SAMPLED LAB NO. 
= 3423 Top 4,0" 1£-10 : 
1. Milled Mat'l EB & WB Lanes RDWY 7/22/85 
2. 3/8" Stone Vulcan Mat'ls AL-149 7/22/85 
Conc. Sard Rountree Constr. Co + CA_20 fi/e227e> 


-— = 
é 
e 


PERCENTACE 8Y WEIGHT TOTAL ACGRECATE PASSING STEVES ; 
00% 1 20 £ Me i = | JOB MIx SPECiFiCATION 


Nusber |} l f 2 3 + 5 FOOMULA ! ' RANCE ' 
3/4 100 1 160 iGQ i U i UU ’ 
2 | 9¢ : 1D =~! «100 l (ez: B5= 100 
ps 3/8 j ' g ' 100 | 3 | 3- 
=o + 7 | 109 ! | 7-75 ! 
“To. 10 53. CO » | 9S | i Be 31-53 s 
>{ No. 40 4) | 34 l | 3a 19-35 
=| No. 601 o7 4 | 4 : F aed 
“I No. 200 | 1 i025) ; { 3 
So. Gr. 225% | 2. TAL 637 | | 2. 
R-83-37-160 (Ts-1) 
MATERIALS DIVISTO" USE ONLY 
cc: Mr. R. D. Buser 
“Mr. W. H. Skinner 
Mr. R. O. Humphreys (2) 
Hr. D. R. Turner ye 7D aor 
Mr. G. E. Pettyjohn wy CS a 5 
Sloan Constr. Co. (2) 4 i oo ee Fl 
Cen Bit Lab (2) *™ 
ieee 
‘Bit. Rch Lab (2) Scacte Macerials & Research Enyineer 
Project File 
Erfective Dace 8/5/8 
=F Copies: Discricc Bicuminous Engineer 
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FIGURE 9 (CONTINUED) 
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FIGURE 10 - JOB-MIX FORMULA REVISED ON 9/3/85 


(FROM FDOT PROJECT 37120-3423) 


STATE OF FLORIDA DEPARTMENT OF TRANSPORTATION 
STATEMENT OF SOURCE OF MATERIALS AND JOB MIX FORMULA FOR BITUMINOUS ese 


Submit to the State Materials and Research Engineer, Central Bicuminous Bae ene 
P. 0. Box 1029, Cainesvillyw, Florida 326C2. 











Project: No. _ 37120-3423 _ Type Mix Sl Recycle Duce 7/22/85 
Road No. 8 (I-10) | County Suwannee Districc 2 


Contractor Name & 
Plant Location Sloan Const. Co., Inc. - Live Oak, FL Phone 904-289-710] 








Subaicted By Sloan Censc. QA Tech. W. M. Philbeck 





Iacended Use of Mix Surface 








TYPE MATERIAL PRODUCER PIT 0. DATE SsMPLED 
37120-3423 Top 4.0" — 
1. Milled Mat'l EB & WB' I-10 RDWY 7/22/85 
3/8" Stone Vulcan Mat'ls AL-149 7/22/85 


vers | 


- 


PERCENTAGE BY WEIGHT TOTAL AGGREGATE PASSING STIEVES 







pOUNET GE Construction Co. 


Comm O es | io 2 % % ] JOB MIX SPECIFICATION 
Number | ! 2 3 = 5 | FORMULA ! PANCE | 
3/4 | 100 1 100 1C0 { 5G. =. eye 
1/2 98 ve } 100 : | 5 BE~100 

jus! 3/8 c | __9f 100 Q -9 

=o. | 24 7} 100 ] 47-75 

mura. 9 + 53 | 2 | 95 ! ae 31-53. 

>(Wo. 40 [41 | : ! | aot 19-35 

“fNo. 80 | 4 9 Tao 

“I No. 200 | MeOss ; 5-7 
Sp. Cr. | 2,534 4 1 2.637 [SCO soa 

R-83-37-160(Rev. 9-3-85)(TS-1) 

Rev. to reflect change of mixing 

temp., & gradation of mi}] 
__MATERTALS DIVISTON USE ONLY mati's. on # 3/8 sieve. 


? 
‘ 


cc; Mr. R. D. Buser 


jh 


‘Mr. W. H. Skinner 


Mr. R. O. Humphreys (2) 
Mr. D. R. Turner PD -._. £ 


Mr. G. E. Pettyjohn 


Sioan Constr. Oo. (2) 
“en Bit Lab (2) bad 
Bit. Rch Lab (2) State Macerials & Research Engineers 
Project File 

Erfective Date 8/5/85 


Copiea: Discrict Bituminous Engines 
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FIGURE 10 (CONTINUED) 
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CONTROL OF THE JOB-MIX FORMULA 

The FDOT checks the quality of the recycled mix ina 
number of different ways. The contractor must have a quality 
Somcro } tLechiniei am who Peco meou ve)! idseertiticate mor 
qualification from FDOT. The gradation of the new aggregate 
is checked on a frequency of approximately once per thousand 
tons. The aggregate gradation in the RAP is also checked 
after it has been extracted. Mix temperatures are checked. 
The aggregate gradation of the recycled mix is checked once 
per day after extraction. Samples are also taken once per 
day at the plant to run Marshall tests and to be sent out for 
checking the resulting viscosity of the asphalt cement in the 
recycled mix. The viscosity tests are normally done by the 
PDO T Bureau of Materials and Research:s located in 
Gainesville, Florida, at a frequency of approximately once 
per 2000 tons of recycled mix. 

imo tnis project, meeting the end-result viscosity 
specification of 4500 + 1500 poises; was the most significant 
factor that required changes in the job-mix formula. Table 7 
shows the record of end-result viscosity quality control 
tests on FDOT project 37120-34e3. This table also shows the 
points at which changes were made in the =job-mix formula. 
The resulting changes in the end-result viscosity of the mix 
can then be readily reviewed. 

Figures 11, 12 and 13 show the documentation for the 


changes in the job-mix formula outlined in fable 7. 
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TABLE 7 


RECORD OF END RESULT VISCOSITY QUALITY CONTROL TESTS 


(FROM FDOT PROJECT 37120-3423) 


DeMESSeaMPLED PENETRATION wale Sa ay CUMULATIVE TONS 
276/689 4a 5,860 1,950 
2710735 Se Seg t eo; o7S 
to, 8S a7 a OO 4,100 
veo? So 36 line te TOO° 


Joo-mix formula Revised om 1O/e/85 to reflect a 


change 


in the viscosity of the recycling agent from 200 to 100. 


10717/35 48 65759 95800 
10/24/85 Sd 45466 feos IO° 
tO7e3/ BD Se 3.034 155,400 
11/04/85 60 S50S2 17,200 


Job-mix formula revised on 11/7/85 to reflect a 
in the mixing temperature from 300 deg F to e285 deg F. 


POS 7/33 invalid test results ees OO 
7 t o/B5 34 4,242 24,100 
eet / OS ce 2,429 27,700 
Peto 7 SO Si Ss 567 27,700 
Piet 7 SS ae W367 Se5 100 
fi eo/ 82 47 2»478 Sag Oe 
te7 03/389 62 2so73 36,900 
fe, Os/ 5 5 a7 34022 38,700 
te/O7/S85 75 4,101 405900 
tevi 785 48 35104 42,800 
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TABLE 7 (CONTINUED) 


Pave SAMPLED PENETRATION pase) ty CUMULATIVE TONS 
oro; oS 40 73442 43,300 
he, i 8/7 So 48 SO? 475200 
Vis? SO S77 te 51 OS 30 5200 
edo 8S ea fa5.7 37 92 3490 
i7er7so6 oi 753763 245,100 


Jobamix formula revised on 1727/86 to reflect s chenge 
in the percent RAP in the mix from 60% to 35%. 


i727 786 04 45297 763200 
Pes / SG JO 23480 08 5600 
e-03/86 47 2»746 60 5400 
700/36 Go 75167 Se +s a00 
ev 13796 oe S260 64 5900 
mes 7 BS a7 le3306 66; 300 
evel, S86 Gi 6,888 68,100 
e708'736 ae) 4,057 803200 
Oy ies. oe 4 53500 81,800 
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FIGURE 11 - JOB-MIX FORMULA REVISED ON 10/2/85 


(FROM FDOT PROJECT 37120-3423) 


STATE OF FLORIDA DEPARTMENT OF TRANSPORTATION 


STATEMENT OF SOURCE OF MATERIALS AND JOB MIK FORMULA FOR BITUMINOUS CONCRETE 


cubalt to the State Materials ond Research Engineer, Central Bicumincus LsLorator, 


yp. O. Uae 1029, Cainesville, Florida 32602 
37120-3423 Type Mix Sl Recyele dace 7/22/85 


Road No. 8 (I-70) County Suwannee Discricce 2 


Project: No. 


Contractor ane &. 
Plane Location Sloan Const. Co.. Inc. - Live Oak, FL Phone 904-289-7191 


Intended Use of Hix Surface Submitted By Sloan Const. QA Tech. W. M. Philbeck 


TYPL MATERLAL PRODUCER PIT NO. DATE SAMPLED ~—sLAB ND 


aw, ~ 37120-3423 Top 4.0" - 
: RDWY Ufeeles 


1, Milled Mat'l EB & Wa’ I-10 
| Vulcan Mat'ls AL-149 7/22/85 


7/22/85 


3/8" Stone 






Rountree Construction Ob. 





PERCENTAGE ‘BY WEIGHT TOTAL AGGREGATE PASSING STEVES 


60 % 20 Z 20 & te 4 JOs MIX 
3 ~ > | FORMULA ! RAWGE 


[BLEND 
3/4 100 { 100 100 COT TOG 
1/2 98 |} 100 ( | 99 (a (a0e-100 = 
we os 768 i a 100 } 33 75-93 
| - 47-75 


SPECIFICATION 


No. 7) a 100 
“) Ne. 10 J -— 53 ( = 95 { 31-53 
SiWo.~ 40 | ~ 4) I 4 32. 19-35 
“TT No. 80 | 4p | 721 
VI Ne. 200 | > | 1 0.5 ; 5-7 


a | 
[ Sp. Gr. | 2,534 14 2263 iii) Se ee 


R-83-37-160 (Rev. 9-3-85) (Rev. 10-2-85) (TS-1) 


FOvGnendacs DIVISTON USe ONLY . 
i Rev. to reflect change in recycling agent from 
Mc. R. D. user HAA 200 to HMA 100. 


ec: 

Me. W. oH. Skinner 

ce RN. O. therphreys (2) 

Me. LY. I. Tumesr a 

Mr. G. E. Pettyjohn CL —- i, 

Sloan Constr. CG. 5 — 

: (2) od, 

‘dcn Bit Lab (2) SN 

Bit. Rch Lab (2) State Maccrials & Research Enyince 

Project File 10-2-85 
Prficeeive, Dote ee 
Copfeo: Diseriec Bicuat{nous Engine 
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FIGURE le - JOB-MIX FORMULA REVISED ON 11/77/85 





(FRG FDG@T PROJEET 3712e0—-34e3) 


STATE OF FLORIDA DEPARTMENT OF TRANSPORTAT IGN 
STATEMENT OF SOURCE OF MATERIALS AND JOR MIX FORMULA FOR BITUMINOUS CONCRETE 


meet tHe Sle PLC iats anid Rocenren tanner, Contral Bitumineus Ja:boratory, 
PeeOe DOs 1029, Gainesville, Florida 32002. 


Project No. 37120-3423 Type Mix a! Recycle rs Date V/ecsses 
Road No. 8 (T-10) County Suwannee District 2 


Contractor Wase & 





Plant Loecgtion Sloan Gonsc. Coe, Ince - binesQak.. FL > Phone (904) 269-7191 
Intended Use of Mix Surface submirtcd By Sloan Const. QA Tech. W. M4. Philbeck 
_TYPE MATERIAL PRODUCER PIT Tree DATE SAMPLED —_—sLAB NO. 
—  ta/i20-3423 1OP 4.0" we 
| Milled Material Eom & WE 1-10 ase __ 7/22/85 | 






a 3/8" Stone —|vutean Materials Materials AL-149 7/22/85 


ee ee SE 2} 2s | 
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oeeeeeen a 


paket PAGE BY WEIGHT TOTAL AGEREGATE PASSING SIEVES 


BLEND 9 ‘ foe O% | 20 p08 | ace x} 208 MIX SPECIFICATION 
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PiGoURe 1o0- J08—-mi xX FORMULA REVISED ON 1/27/86 


(FROM FDOT PROJECT 37120-3423) 


STATE of FLORIDA DEPARTMENT OF TRANSPORTATION 
STATEMENT OF SOURCE OF MATERIALS AXD JOB MIX FORMULA. FOR BiTuM Ines CONCRETE 








Sulwmnit to the State Materials and Rescarch Engineer, Central Bituminous Liboratory, 
P. O. Dox 1029, Gainesville, Florida 3202. 




































Project No. 37120-3423 Type Mix S-] Recycle pare. 7/22/85 

Road No. 8 (1-10) County __- Suwannee | b Bieerict 2 

Contractor Name & =: 

Milne Lotation Sloan Const. Co., Inc. - Live Oak, FL Phone (904) 289-7191 

Intended Use of Mix Surface Submitred By Sloan-Const. QA Tech. W. M. Philbeck | 
TYPE MATERIAL PRODUCER PIT NO. _ DATE SAMPLED LAB NO. 

IF Milled Material les at I-10 a Roadway | 7/22/85 










, 3/8" Stone Vulcan Materials tae / 65 





, Conc. Sand lrountree Construction Co. W72c/ 83 


PERCENTAGE BY WEIGHT TOTAL AGGREGATE PASSING SIEVES 
“Z| 702) +42... % | JOB 


| & 4 | 20% | ral JOB MLX SPECIFICATION 
FORMULA RANGE 


GA-303 | 








| 
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“te. 200 | 1h2 Td poppe pe 
2.5341 2.74) 
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FIGURE 13 (CONTINUED) 
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The changes in the job-mix formula shown in figures 11 
and 13 represent two basic methods of changing the end-result 
viscosity of the recovered asphalt cement in the recycled 
max In Figure 11, the viscosity of the recycling Seen was 
chenged from 200 poises to 100 poises. This change wes 
required because the viscosity of the recovered asphalt 
cement was staying consistently Higher than the 
specifications allowed. As can be seen from Table 7, this 
change resulted in the end-result viscosity being slightly 
higher than the specifications on the next test and then 
within the specifications for most of the next 35;000 tons of 
recycled mix. 

Figure 13 showed a change in the job-mix formula from 
using 60% to 35% RAP. This change became required when the 
end-result viscosity of the recovered asphalt cement stayed 
higher than the specification for three consecutive tests. 
The lowest viscosity recycling agent available was 100 poises 
and it was already being used. In order to reduce the end- 
result viscosity, it then became necessary to reduce the 
percent RAP in the mix. This resulted in a higher percentage 
of the 100 poise recycling agent in the mix and therefore the 
overall viscosity was reduced. Table 7 showed that this 
change was very effective in getting the recycled mix back 
into the end-result viscosity specification range. 

The change in the job-mix formula shown in Figure 1e was 


a change in the mix temperature from 300 deg F to e885 deg F. 


Shy 





Table 7 shows that this change did not have any significant 
effect on the final viscosity of the asphalt cement in the 
recycled mix though. In general it could be expected that a 
redtiction in the mix temperature would result ina TOWennana 
of the viscosity of the asphalt cement since it would lose a 


smaller amount of volatiles. 


CONCLUSION 

The data presented in this chapter points out a number 
of important factors in the hot-mix recycling process. The 
Gata 1S all from an actual FDOT project and illustrates resl 
life problems and solutions. 

The Composition of Existing Pavement data presented in 
the FDOT recycling contracts will show the variability of the 
existing pavement meterisals across the project site. Na acs 
information must be representative of that project site in 
order to allow the contractors to prepsre an accurate bid. 
It also allows for the basis of 8 more rational mix design 
when the renges- and averages of the existing pavement 
material properties are known. | 

Although no Marshall test data for the control of the 
Quality of the recycled mix was presented in this chapter, it 
was the end-result viscosity of the recovered asphalt cement 
which in fact had the major impact on changes in the job-mix 


formula. During this project, FDOT was using en end-result 
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viscosity specification of 4500 + 1500 poises. Pme17S6 this 
specification was changed to 6000 + 2000 poises. 

There are a number of reasons for this change in the 
end-result viscosity specification. Probably the main reason 


1s that the original specification was more restrictive than 


if new materials had been used in the mix. The normal 
asphalt cement used in Florida has been AC-20. The viscosity 
of AC-2eO 15 approximately eoO00 poises. The FDOT allows a 
viscosity ratio of © to 1 for asphalt cement. This would 


result in the AC-@O having up to a viscosity of 8000 poises 
ee -eecine Siinim Film Oven Test (TFQ@T). With this in mind, it 
would not make as lot of sense to have to keep the end-result 
viscosity of the asphalt cement recovered from a recycled mix 
to 38 maximum of only 6000 poises. Therefore the change in 
specification brings both the new and recycled mixes into 
closer agreement on specification requirements. 

The FDOT project 37120-3423 demonstrated two of the 
basic methods for controlling the quality of eenenee mr} x 
through an end-result viscosity specification. To change the 
end result viscosity of the recycled mix; either the 
viscosity of the recycling agent must be altered, or the 
percentage of RAP in the mix must be altered. This project 
demonstrated that if the viscosity of the recycling agent can 
not be reduced enough to obtain the desired end-result 


viscosity, then the percentage of RAP must be reduced. 
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The aggregate gradations and Marshall properties of the 
recycled mix are relatively easy to control and check at the 
plant site. At the present time FDOT checks the end-result 
viscosity of the asphalt cement in the recycled mix - their 
central lab at the Bureau of Materials and Research located 
im Gainesvilie. This creates a problem in getting test 
results back to the plant site in sufficient time to allow 
problems to be corrected. By the time enough test results 
are known to establish the fact that a change is required. 32 
lot of tons of recycled mix will have gone through the plant 
and be in place. 

This problem may not be as large as it may seem at first 
cmeugin. The mix properties as tested at the plant with the 
Marshell apparatus are known very quickly and will alert the 
on site personnel that a problem may be or already has 
developed. The recycled mix with a binder of slightly higher 
viscosity than desired will still provide many eee of 
excellent service. The test results Rome ne end result 
viscosity will still be known in sufficient time by FDOT to 


keep a large problem from going uncorrected. 
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CHAPTER SIX 


HOT-MIX RECYCLING EQUIPMENT CONSIDERATIONS 


INTRODUCTION 
Hot-mix recycling requires some differences in equipment 
as compared to the use of asphalt concrete mixes made of all 
new materials. This chapter 1S not meant to be a detailed 
anelysis) of ali Seonstruction equipment makes, models; 
SoapDobwi1 tl vWeSs sproduction = rates, etc.;, which can be utilized 
Pm@ocine het-mix recycling process. Insteed, it concentrates 
On presenting an overview of the equipment considerations 
which are required by the hot-mix recycling process. 
Equipment for hot-mix recycling can be looked at as 
being divided into three categories as follows: 
1. Removal and sizing 
2. Reprocessing 


ea Laydown and compection 


REMOVAL AND SIZING 
The first consideration is the removal and sizing of the 
existing asphalt pavement material. There are two Basic 
methods for doing this. The first 1s to rip and crush the 
pavement and the second 1s milling. 
RIP AND CRUSH 
In this operation, scarifiers, grid rollers, or rippers 


are used to break up the pavement. The broken up pavement 
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material 1s then loaded into trucks and hauled to a central 
Peacat 2on. The material can either be stockpiled for future 
use or crushed and recycled right away. 

This method is primarily used when the existing See 
21S in such poor condition that the entire pavement section 
requires reconstruction. It could also be used when the 
existing base must be replaced or reworked, where an existing 
roadway 1s to be abandoned or realigned; where very hard 
aggregate makes milling impractical, or even where an asphalt 
overlay is being removed from an existing concrete pavement. 

The drawbacks over milling include the fact that there 
Poeimenressec treffic disruption, the material still must be 
crushed in order to obtain appropriate sizings it is not well 
Suited to remove oniy a portion of the pavement, and if the 
base is to remain in place this method will require some 
rework of the surface of that base. 

The advantages it has over milling include the speed of 
removal of material from the project site and the fact that 
it requires less sophisticated equipment and is therefore 
less likely to be delayed by equipment breakdowns. 

The pavement material broken up in this method must be 
crushead and screened. Generally it is desired that the 
maximum particle size be no more than e@ inches in Giameter. 
This will allow for proper mixing to take place in the plant. 


The crushing process must be careful that it minimizes the 


imcreese in fine materiel or fracture new faces on the coerse 
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aggregate. The increased fines and new fractured faces would 
require more new asphalt cement and virgin aggregate in the 
il xs None of the fines that exist in the material should be 
lost in the operation since they will contain a large portion 
of the reclaimed asphalt cement. 

MILLING 

Milling is best used on projects where only partial 
removal of the existing pavement is required, where minimized 
traffic disruptions are called for, or where the existing 
base is to be kept intact. Milling has the capability to 
remove and size the pavement material in one operation. 

Milling machines usually employ a rotating drum with 
special teeth to cut the pavement to a predetermined depth 
and size. Single pass cutting widths of up to le feet and 
Gepths of over 4 inches are possible depending upon the 
design of the machine and the properties of the existing 
pavement material. } 

The size of ae milled product will depend on a number 
of factors such as the number; type, arrangement, and 
condition of the cutting teeth, the forward speed of the 
machine, the depth of cut and the properties of the existing 
pavement material. The milling operation will alter the 
Gradation of the aggregate by increasing the percentage of 
fine material. This must then be compensated through the 


gradation of the new aggregate to be added to the mix. A 
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small percentage of oversized chunks will result as well and 
these must be scalped off before entering the plant. 

The milling of just ane lane followed by the paving 
operation will minimize the potential “for ‘eae long 
stretches of milled pavement open to traffic if delays occur. 
If the milled thickness of the single lane exceeds 1 i/e 
inches, there will be the additional benefit oaf better 
compaction at the joint due to the lateral restraint provided 


by the other lane. 


REPROCESSING 

This section will discuss the stockpiling and handling 
of the milled or processed RAP as well as the types of plants 
used in the hot-mix recycling process. The two most common 
types of plants used are the batch plant ang the drum mi» 
Slant. 

STOCKPILING AND HANDLING OF RAP 

Teme dcHe of the stockpile of RAP should be limited to 
a maximum of sbout 10 feet. This will help to minimize the 
material from sticking together due to dead lead and high 
ambient air temperatures. Additionally; loaders, dozers and 
trucks should not be allowed on the stockpile for the same 
basic reason. 

The RAP should also be protected from the westher to 
help prevent unwanted moisture from being absorbed. Often 


times it would be wise to provide a protective covering over 


76 





time Stockoi le. Another very effective method to help 
MamImMeze moisture gain and excessive sticking; is to 
coordinate the GaUsminaw Gmmemitiing and the  hot—-mixing 
operations so that the size of the stockpile is kept toa 
minimum. 

BATCH PLANTS 

The technique used by batch plants in the hot-mix 
recycling process is known as the heat transfer method. The 
Following 1S a brief outline of how the batch plant operates 
when producing recycled mixes. 

The new aggregate 15 proportioned in the cold feed bins 
and is dried in a conventional aggregate dryer. From there 
the new aggregate is conveyed to the hot storage bins. So 
far this is the same as for new mixes except that the 
aggregate is superheated. 

The RAP is transferred from the stockpile to a separste 
cold feed bin which has very steep sides. Generally no 
heating or drying of the RAP is done at this point. The RAP 
is then conveyed to the weigh hopper where it joins with the 


superheated new aggregate. Heat transfer then takes place as 


the proportioned materials are dropped into the pugmill. The 
recycled mix does not normally reach fed temperature 
equilibrium tantil after it leaves the pugmill. A surge bin 


or storage silo help insure that this equilibrium is reached. 
The amount of RAP that can be used in the recycled mix 


Gepends on the moisture content and stockpile temperature of 
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the RAP, the required final temperature of the recycled mix; 
and the temperature of the superheated aggregate. ie 
conditions are such that the moisture content of the RAP is 
very low and the ambient air temperatures are high; So te!) 30 
percent RAP can be used. mao Peadercical Limit of 35 percent nay 
have to be assumed unless some auxiliary heating of the RAP 
takes place. 

This method helps to minimize air pollution; which 15 a4 
large concern with hot-mix recycling. The lower percent RAP 
which can be used is a drawback as compared to the drum mi» 
pants though. 

DRUM MIX PLANTS 

In a conventional drum mix plant; YAirGin-adqregute. is 
first proportioned at the cold feed; then dried, heated énd 
mixed with the asphalt cement in a drum which has a Burner at 
one end. The aggregate enters the drum at the burner end and 
is exposed to very high temperatures from the flame and hot 
gases. Initial attempts of hot-mix recycling in these 
conventional plants resulted in the RAP being exposed to 
these very high temperatures and gases at the burner end of 
the drum. This caused large pollution problems due to high 
emission levels. The aged asphalt cement was also Durned and 
hardened by this. 

A number of methods have been developed to handle this 


problem and produce a good recycled mix. Some of these 
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methods are the pyrocone system, the drum in a drum system 
and the center feed system. 
In the pyrocone system, control of the heat transfer 


rate at the burner end of the drum to prevent overheating of 


the RAP, is provided. The system utilizes a cylindrical 
combustion chamber with a conical heat shield ("pyrocone"). 
This unit is placed between the burner and the drum. This 


system does work, however the pyrocones are expensive and the 
Beeaquetivity 1S limited: 

In the drum in a drum system, a dual drum at the burner 
end is created. The virgin agqgregete enters through the 


inner drum and comes PAL omeetitee Gaebmeact with the f fame send 


hot gases. The RAP enters through the space between the two 
ar tms. In this wey it is shielded from the flame and hot 
gases. The RAP then hes a chance to start heating up from 
contect with the inner drum. The RAP; new aggregate and 


asphalt cement are mixed in the lower portion of the drum. 
The center feed drum mix plant is probably the most 
popular of the drum mix plants. In this plant, the new 
aggregate enters the drum at the burner end, while the RAP 
enters near the midpoint of the drum. At this point the RAP 
can be mixed with the new aggregate without being damaged by 
the flame and very hot geses of the burner. This is because 
the new aggregate acts as a veil between the burner and the 


RAP. The new asphalt cement is added just downstream of the 
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Ree wemtry point. The mixing is then completed in the lower 
half of the drum. 

The center feed plants are made even more effective by 
lengthening of the drum. This allows the RAP to = further 
protected from burning and provides a longer resident time 
for heating and mixing. These plants can handle up to 70 


percent RAP in the mi»x. 


LAYDOWN AND COMPACTION 
The laydown and compaction of recycled hot-mix asphalt 
concrete does not require any different equipment than with 
new mixes. A properly designed recycled hot-mix should not 


benave any differently than new mixes at this point in time. 


CONCLUSION 

The equipment considerations for hot-mix recycling 
presented in this chapter show that all of the equipment 
needed is currently available. There are not a large number 
of additional pieces of equipment that are required. 

Mia blang machines probably represent the largest 
equipment investment needed in the business. Existing plants 
can be modified to handle recycled mixes at reasonable costs. 
New plants can be purchased which are designed to be more 
efficient in handling the recycled mixes based on economic 
considerations. These plants and even modified plants can 


still handle both recycled and new mixes. 
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There appears to be no significant equipment constraints 
which would slow down the spread or popularity of hot-mi-~x 


RBeecyeGling. 


101 





CHAPTER SEVEN 


THE ECONOMICS OF ASPHALT HOT-MIX RECYCLING 


INTRODUCTION 

Cost 15 a major consideration when choosing the hot-mix 
recycling process. This chapter will present the economic 
factaers which must be considered. The main emphasis of this 
chapter will be to show the comparison of the economics and 
energy usage of the hot-mix recycling process to the 
conventional asphalt overlay. 

The cost advantages of hot-mix recycling have allowed 
mumerous Departments of Transportation to stretch out their 
limited budgets to cover more rehabilitative work. The 
Florida Department of Transportation (FDOT) showed an average 
Mince e Gost. Savings When USing hot=mix recycling. 

While it is not always easy to determine the exect cost 
Savings. estimates can be made. The general information 
presented in this chapter can be used by the engineer to help 
estimate the potential or actual cost savings on an asphalt 
mere mix recyeling project. The results of cost and eneray 
Soemas trom a FDOM recycling project (SR-eS project) will be 


presented as an example. 


ENERGY SAVINGS 
Energy conservation is an item that has become very 


important is this time of rising energy prices. HO mies 
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recycling can Save substential amounts of energy when 
compared to conventional asphalt overlays or reconstruction. 
In determining energy Savings, many factors must be 
considered for each project. Some of these factors eaeumaes 

1. Amount of virgin aggregate required 

2. Virgin aggregate haul distance 

3. Amount of new asphalt cement required 

4. Asphalt cement haul distance 

2. Pavement removal method 

6. Pavement crushing method 

7. jkHaul distance from the project site to the nearest 
pavement disposal site 

8. Haul distance from the project site to the 
eerciine/mixing plant 

Seetyeae] Ofemixing olant 


lO OoTrotum@e conten. Of Che RArPwand virgin aggregate 


The various Reul distances listed above play 8s very 
Significent role in determining the overall energy savings an 
any particular project. As the distance the new aggregate 
must be hauled becomes increasingly greeter than the distance 
between the project site and the mixing plant, the advantages 
Siemouaemi x Tecyoling will increase to a significant extent. 
The reverse will be true as well. As the distance between 
the mixing plant and project site becomes increasingly 


Greater than the distance between the mixing plent and the 
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source of new aggregate, the advantages of hot-mix recycling 
Witte wecucessionificantly. 

Tables 8, 9% and 10 show the estimated energy consumption 
for both a8 conventional hot-mix overlay and a eee hog. 
mix. This data was compiled by Mr. K. Murphy of FDOT based 
on the SR-2eS hot-mix recycling project in Florida. These 
tables are meant to provide a@ general example of how energy 
Savings could be calculated. These calculations would have 
to be modified to meet the specifics of 2 particuler project 
an engineer may be interested in though. 

Table 8 shows the estimated energy consumption for 
GOivemtronmal hot=-mix overlay. Hable °F shows similar 
MaraormatiOn Tor the recycled .hot—mix. Table 10 then shows a 
summary of the energy savings besed on the figures developed 
in Tables 8 and 9. 

This project showed an overall energy savings of 45.8 
percent for the recycled mix as compared to the conventionel 
overlay. These sSseavings were highly dependent upon the heul 


distances involved and the materials which were conserved. 
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TABLE 8 
ESTIMATED ENERGY CONSUMPTION FOR CONVENTIONAL HOT-MIX OVERLAY 
(FROM RUTH-SCHWEYER ASSOCIATES, INC.,; 1980) 
1. Aggreqate Production and Hauling | BiU/ Wom 
EG Type S-1 Surface Corse 
30% Crushed Stone 92 70;000 BTU/Ton 335,000 


ea* Crushed) Stone Screenings @ 70,000 BTU/Ton ey 5 SOC 


= 


2e3s% Local Sand @~2 15,000 BTU/Ton"™ Sree a 


, 


« 


Delivery to Plant: 
Pavoneq ceome sme OC mm) (Ones) (1360 BIU/Ton Mid 7esO080 
Semeehh Mes. .mese MidyCO@.coyGClsoOoO BTU/Toan Mi) 27 -cuo 
TOtalmper tyoc S-1 Surface Course WS 54550 
Be Type III Leveling Course 
20% Crushed Stone od 70,000 BTU/Ton 14,000 
39% Crushed Stone Screenings 9 70;000 BIU/Ton 33; 500 
eo”, Loceil Send amis, 000 BIUs/Tan” S750 
Delivery to Fiant: 
Bers neeestone mmr ocmmin GO ,ey (1 360 BTU/Ton Mi?) 2€a,83c 
Semeeninos, ©SORmi) COmaap er scO ETU/Ton Mi?) 37 58460 
Tetel- for tyee CRP? Leveling 144,922 
Cx Asphalt Cement 
mManvutvec tur ing 387,500 
Delivery to, Plant: 
Asphalt Cements, (192 mi)(19760 BIU/Taon Mi) Aiea oO 
Total for Asphalt Cement Fosoeceo 


* — includes energy consumption to stockpile 
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TABLE 8 (CONTINUED) 
©. Asphalt Concrete Materials Biri 
Sue iype S-1i Shetface: 
Asphalt Cement, 6.0%, 28,171 Tons of Hot-mix 
COnOa? (29,171) (76anse0 Bilton) ly OL 7a 05.000 
Aggregate, 94.0% 
(O77 ot Ccoupe! ) (lao, 050N5b1U/Ton) 4,118,549,000 
B. Type [If Leveling: 
Asphalt Cement, 7.0%, 9,727 Tons of Hot-mix 
VORO7I 9, /a27 4755, SeOmeaw/ton) SSo;e553 909 


Aggregate; 93% 


(CORIB0 9727211445982 BIUZTON) 15310 7730 OCo 
Total Energy for Aggregate and Asphalt 75714,890,000 


ce Plant Operation for Conventional Asphalt Concrete 


A. Fuel Consumption, 2@.3 gal. diesel fuel/ton hot-mix 
Cams Eee O07 oS alomSs soboo me OOmr IU / TNOM)clSsloo sD 005000 
Eee leectpicir ty : 


GtO.14/ lonm) (37,89Ss onsmgs4 15 BIrU/KWH) 


($0.0435/KWH) 402,645,000 





Total Energy far Plant Operations besa 7e;c00,000 
4%. Field Operations for Conventional Asphalt Concrete 
A. Haul, Hot-mix 
CS mi lesitl/e3s Trips) 
4.25 mpg diesel fuel 3244 gals. 
B. Compaction: Three Rollers 2 e@ gal./hr. 


(3) ¢(2)¢(240 Rrs) 1440 gals. 
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TABLE 8 (CONTINUED) 
4. Seqntinued) 
ee Freavingmitaemine: soe 3.5 Qal/inc. 
CS. S90 GeCO Un: Ss) 84O gals. 
Total Diesel Fuel 3524 gals. 
Weacal Energy tor rieid Operations: 
(99e4, 4215.) Cl 37 ,O@@semuiga! .) P67 .390 }0CO =e 
ae SmOouUleem. Mater ial BIrU 
OQ. CoOGal Send; Excavate and Stockpile: 


Ltoseee BV tom) (23,620 Tons) 354 5300 5,000 


B. Haul Trucks: 


cemmmueis ) C2SS7 eit i pis MSe75000 Bil/qal) 


4.25 mpg diesel fuel Ge 7 sag os OO 
wecaleemeragye?tar Shauider Mater ijl 95 13 8735000 


6&6. Summary: Energy Consumption, Conventional Asphalt Concrete 


Total rereent Energy 

Operation Emer ay aes 1a Bulu7 ton Requirement 
A. Materials 73714,890,000 204,600 S34. 2 
Se Flamemeperatiaons® 13;3572,;200;000 Joe ,1e¢0 2 27 
eo Frieia Oseratrens 767 5836,000 20,260 ga 
Be Shoulder Work 771s 87 35000 = : 4.3 
Totals 23,046,819,000 381,980 LOO ne. 
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TABLE 9 
ENERGY CONSUMPTION FOR RECYCLED HOT-MIX 
(FROM RUTH-SCHWEYER ASSOCIATES, INC.; 1980) 
1. Milling 33.35 Lane-Miles of Existing Pavement, 2.5 inches 
A. Milling Machine: 
(30 days)(200 gal diesel fuel/day) SGO0OsGa 


B. Haul Trucks: (8 miles) (118e Trips) 


4.25 mpg of diesel fuel Cees £6 oul 
Total Diesel Fuel Consumption Seem Gale, 


Pocai etal lamg Energy: 

(Sees) (137.0008 eIU/gqal) t51S335275500°0 Bry 
eC. Recycled Asphalt Concrete Materials. 3 inches,(35,530 Tn) 
A. Manufacture Asphalt Emulsion (3.7% used in mix): 

GeOou1 OO BIU/Tom) (0.037) 355500) 665,324,000 
B. Delivery of Asphalt Emulsion to Plant: 
(192 miles)(1960 BTU/Ton mile) (35,;590)(0.037) 494,714,000 


eg Local Sand (34.1%), Excavate and Stockpile: 


Gia. 000 BIU/ Torn) (355800) 00.34) > Leis 756.000 
Total Asphalt and Aggregate Energy (BTU) 1,341,774,000 


3. Plant Operations for Recycled Asphalt Concrete(35;530 fn) 


A. Fuel Consumption, 1.8 gal diesel fuel/ton hot-mix: 
Gig OSes O60) C137. O0erb Ie / ge 1) 8,889,606,000 
BPemeLtectricity: 


G30? tom) (39550350) (34135 BtUs/KWH) 


($0.045/KWH >) 377,486,000 
Total Energy for Plant Operations 93526/7;072;, 000 
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TABLE 9 (CONTINUED) 


“a. Field Operations for Recycled Concrete (35,530 tons) 


A. Haul: hot-mix, 


Ba Gempactiloan: 


Gamemavimag Machine: 


plant to paver and return 


(Ss miles)(161i3 trips)/%.235 mog diesel fuel 3040 gal. 
three rollers a2 @e2 gal/hr 

(3)(2) (240 Hrs) 1440 gal. 

(aaa Cal/nmr) (eoeminrs? B40 gal. 

Total Diesel Fuel ageO "Gade. 


Total Energy for Field Operations: 


CScOCrS7 CoC Bil gal ) 


739,480,000 BTU 


SeePoumMonmy. s eMeragy Consumption of Reeycled Mix 


Operation 
Aree) ling 
B. Materials 
C. Plant Operations 


Peericela Cperations 


Totals 


Energy sow 

1,143,275,000 
1,341,774,000 
97 eo7so7e. CO° 


739 5480,000 


125491,621,000 


PO. 


BItU/Ton 


Sei. 
eon oe 
260:824 


20,513 


331,580 


Percent Energy 
Requirement 
oe 
1027 
Tae 


S.7 


NOG = © 
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TABLE 190 


SUMMARY OF ENERGY SAVINGS (SR-25 PROJECT) 


(FROM RUTH-SCHWEYER ASSOCIATES, 


Operation for 

Sakae a Proqeet 

Milling and Materials 
Plant Operations 


Field Operations 


Totals 


Operation for 

Sees Project 

Milling and Materials 
Plant QOperstions 


Field Operations 


Totals 


INC., 1980) 


Emenagy, Btu for 33.35 Lane Miles 


Conventional 

Oivieys Way 
757145,890,000 
13,572,;200,000 


5 92957273000 


eS OsGodd 2 C00 


Recycling 
2,485,049 ,000 
9,267,092 , 000 


739 5480 ,000 


125,4971,6e1 ,900 


Energy Savings 


BTU 
Seee75 041.000 
4,305,108,000 


1,020,249 ,000 


10,555,198,000 


Pa OG bac % of 

Operation Total 
S77 EOS 
Site 40.8 
Bowe Tae 
ao. 10070 





COST SAVINGS 

Saving energy is a large part of cost Savings in a hot- 
Mie Gee vyoling project. Ey toinGcencne Only tTactor which must 
be considered though. The entire hot-mix recycling process 
must be reviewed and evaluated based on other cost sensitive 
elements as well. 

The overall economic gain for a BEGYe Linge pe peyect scan he 
analyzed through: 

less The reuse of milled or processed RAP. 

a: The sevings in cost for new materials (asphalt 
cement and aggregate). 

See imeeGeauation inviveatilimg, GCosts if it is possible to 
Cemeaewe StEuckS. tO carnyeemiticed material to the oplant or 
Somat le wdmMa heaeycled HhOt—-mix Dack to the project site. 

4. ines Ssayvamgs thet econ soccer By ~loceting high 
production portable plants nearby the project site to reduce 
haul distances. 

The existing pavement materials have a total dollar 
value. This tetel dollar value will fluctuate with the 
prices and availability of the asphalt cement and aggregate. 
The total dollar value of this material must then heve 
reclaiming costs subtracted from it to provide the actual 
eOllar value. Most agencies make it part of their recycling 
SQitvmaets tmat the RAF will belong te the contractor. The 
contractor must account for the actual dollar value of the 


RAS mi Ss biG . The lower the value the contractor places on 
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this RAP, the higher his hid will be. This would allow a 3 
larger profit margin but would also mean that if bidding in 
the area is competitive, he could lose the bid. 

The savings in cost for new materials is Peiec tae in 
the percentage of RAP used in the recycled mi». The higher 
the percentage of RAP, the greater the savings. The 
contractor who has the drum mi x plant can produce & mix with 
a greater percentage of RAP than can the contractor with the 
batch plant. This could give him a distinct advantage during 
bidding. 

Hocatio weave ling © OTTerTrs etme potential to schedule the 
trucks on the project to haul RAP (mainly im the case where 
milling 1S used) to the plant and then haul recycled hot—nix 
back to the project site. This would require coordination of 
both of these operations. This 18S very possible to do if the 
Milling operation works from one Ralf to one day ahead of the 
Paving operation. TRIS can result in a cost savings in 
hauling these materials. 

It has already been discussed that the haul distances 
between the plant and the project site, as compared to 
between the plant and source of new aggregate, plays a 
Significant role in the advantages of hot-mix recycling. Tate 
a high production portable plant can be placed nearby to the 
project site, the potential for large savings in hauling 
costs goes up significantly. The actual savings will depend 


Om the particular site in question. 
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All of these items added together represent a rather 
Significant potential cost savings for hot-mix recycling. 
Table 11 is presented to show a sampling of cost and energy 
Savings from various actual recycling eee These 
Savings are based on data provided in the Federal Highway 
Administration (FHWA) Demonstration Project DP-39-15 Report 
and as found in the FDOT SR-e5 project. 

Table iil shows that there can be considerable variation 
in cost and energy Savings between various projects. 
Variations are to be expected when the factors of job 
location, hauling costss mix design, efficiency of the plant 
and paving operation, competitiveness in bidding, and 
procedures used to evaluate cost and energy Savings, are 
taken into account. 

TABLE 11 


COST AND ENERGY SAVINGS FOR HOT-MIX RECYCLING PROJECTS 


Cost Total Energy Total 
Project Savings Cost Savings Energy 
Size, Tons ($/Ton) Savings>#% BIU/Ton Savings, BTU 
e.5e £4 4.02 Wa 1 MES = = 
S77 Eo S209 1246. FO 7.06 E4 S230 7 Eo 
6.07 E4 C279 Devo. eS e-508 ES 1.5e" 2E8 
4.21 £4 S2c7 Por 7eS = = 
LeO7 NED Sie Seoo) 1S 2.67 E4 2256/7 E7 
S255. eo 8.43 eich ES G@.o7  |ES LO; 96 me 


* SR-25 project values were high due to short haul distances. 
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CONCLUSION 

The cost and energy savings of a particular project may 
Pema ten) ct) + to calculate due to the number of assumptions 
which must be made in the calculations. What is not hard to 
see is the fact thet hot-mix recycling does have significant 
potential for saving both energy and total cost on a project. 
PjemCrOme  Gothro Tor the pmgajyects fistec in fable 11 can dear 
that out. 

This chapter has attempted to highlight some of the more 
important factors which must be considered in the hot-mi-x 
recycling process. The two items which have the most 
Significant impact on the overall Savings potential are the 
haul distances involved and the percentage of RAP in the mix. 
By concentrating on these areas, it 15 possible to enable the 


engineer to make some rough economic calculations when 


choosing a rehabilitation method. 





CHAPTER EIGHT 


CONCLUSION 


This paper has looked at the various key elements Om eine 
asphalt hot-mix recycling process. A number of observations 
concerning the entire process have been made. 

The first of these items is that the asphalt hot-mi»~ 
recycling process should be viewed as one of a number of 
rehabilitetive alternatives. The advantages end 
disadvantages of the various rehabilitative alternatives, 
rineluding hot-mix recycling, must then be kept in mind when 
choosing the best alternative for the given situation. 

When hot-mix recycling hes been chosen as the 
rehabilitative method for the particular project, obtaining 


representative samples of the materials involved then becomes 


Grue ial. Recycling projects can be expected to exhibit 
veriebility in material properties. To Quantify ~ this 
variability, the existing construction and maintenance 


records need to be reviewed and then a sampling plan needs to 
be developed. The plan must take into account the 
information found ii the Original construction end 
maintenance records and then should select sampling locations 
by means of a random method. This characterization of the 
existing materials will then become the basis of the mix 


design process. 





Recycled hot-mixes can be designed with confidence once 
the existing materials are characterized. There are standard 
procedures in existence which have proven themselves to be 
effective. The mix design methods as published by The 
Asphalt Institute are the standard. Many small variations to 
account for local practices and materials are possible 
though. The mix design procedures presented in this paper 
Point out some of these variations. The mix design should 
aim for allowing the highest percentage of RAP as practical. 

The use of recycling agents 1S a cause of concern in 
some states. While various states and organizations have 
developed some gquidelines for them; no American national 
Standards exist at the present time. The ASTM is presently 
finalizing standards on recycling agents. Establishment of 
these standards could do a lot to help boost the confidence 
of various agencies around the country in the use of 
recycling agents. Recycling agents allow for the greatest 
*Tiexroility in the design of recyclec hot-mix. 

Quality control measures are very important in hot-mix 
recycling. Steps such as FDOT have taken in establishing an 
end-result viscosity specification are very important. This 
can guard against all kinds of problems from improper asphalt 
cement blending and poor recycling agents;s to processing 
deficiencies such as damage by overheating. Sampling at the 
Plant and after the recycled mix has been laid and compacted 


are very important quality control measures. 





There are no major equipment considerations which shculd 
Stand in the way of increased hot-mix recycling. Mi 1 Ditag 
machines are the only new independent pieces of equipment 
used to a large degree. Existing plants can be modified to 
produce recycled mixes. Some of the newer plants are 
designed right from the start to handle both new and recycled 
mixes. Drum mix plants have the benefit of being able to 
produce recycled mixes with larger percentages of RAP than 
Gam De DpEeaeueceg in betenh olents. 

The exact economic benefits of hot-mix recycling can be 
difficult to determine due to the large number of assumptions 
which must be made in calculating costs and choosing the 
appropriate alternatives to compare. The haul distances 
involved as well as the percentage of RAP to be used in the 
mix will be the key points to consider when looking at costs 
Though . As the distance between the source of new aggregate 
and the plant becomes increasingly larger than the distance 


between the plant and the project site, the advantages of 


hot-mix recycling increase significantly. The larger the 
percentage of RAP in the mix, the greater the cost savings 
can be as well. High production portable plants, which can 


be located near the project site, have a high potential for 
Pao weatime Sigmificant cost Savings im hat-mix recycling. 

When all of these items are looked upon as a whole, the 
advantages eg no t—mi x recycling greatly outweigh the 


disadvantages. It 18S easy to understand why some states such 





as Florida and Wisconsin (to name only two) have fully 
endorsed hot-mix recycling as & cost effective and 
technically sound pavement rehabilitative method. The trend 
established by FDOT in combining their asphalt specifications 
to include both recycled and new mixes has gone a long way 
towards standardizing Rhot-mix recycling. 

It is a bit harder to understand why all states have not 
done this. Perhaps one good reason may be that some states 
are waiting to see the long term analysis of life cycle and 
costs associated with hot-mix recycling. Ten year figures oan 
large quantities of recycled mixes should start to become 
available within the next few years. 

Positive results published from this data, along with 
the once again upwardly climbing prices for o011;5 should 
combine to push hot-mix recycling to new heights. fhe future 


of hot-mix recycling looks to be very bright. 
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